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Abstract
The landscape of childbirth has changed immensely over the last century. Medical
intervention has surpassed the needs of mother and infant to be together when either requires
medical attention. By bringing medical equipment for both into a single hospital room,
separation between the two will be decreased. For this study, mothers of infants admitted to
neonatal intensive care were questioned with a mix-methods survey to discover what
challenges they faced in order to amend the built environment to increase their satisfaction
with their hospital and post-birth experience. Mothers showed less ability to interact with
their infants when medical needs were more severe. They also wanted more amenities with
lighting, technology, furniture, views, and privacy. The room must function as a home setting
with the capabilities of a hospital. Advancements in technology and design can bring babies
and mothers together once again.
Keywords: neonatal intensive care, post-birth, design, hospital room
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Chapter 1: Introduction
A pregnant mother enters the hospital as a single patient. Once the child is born there
are now two patients, mother and child. They are no longer a single unit and are treated
separately. The moment a child is born is one of the best moments in a parent’s life.
However, that moment is quickly tarnished when that newborn needs medical intervention
and is taken to neonatal intensive care, away from its mother. Within the medical system,
once the child is born, it is considered independent from its mother. This separation between
mother and child can last hours or even days. If the hospital is not equipped to address the
medical needs of the child, then the child is transferred to a hospital that can handle the
medical specialty. This creates further separation of mother and newborn until the time in
which the mother is discharged from her hospital and can join her newborn. The current
design of post-delivery hospital rooms only allows mother and newborn to stay together
when the newborn is declared healthy. These hospital rooms need to be designed to ensure
that families are able to stay together until the time in which both patients have been
discharged. This research is inspired by the personal experience of the researcher, having had
two births in which the newborns needed varying levels of neonatal intensive care. Each birth
had separate and different experiences with neonatal intensive care with both revealing a
significant need for change.

Background
The way in which a woman has given birth in America has changed dramatically over
time. Prior to the mid-nineteenth century, childbirth was a woman-only affair. Births took
place exclusively within the home with female attendants such as friends, family, and
possibly a midwife. Family and friends were there to offer reassurance and support to the
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laboring mother, while a midwife was there to offer her knowledge and expertise on the birth
process (Dye, 1980). Childbirth was dangerous. There was risk of sepsis and child fever,
which could be fatal to mother and child. Caring for a newborn child at this time was done by
the mother, even when an infant was born prematurely. The mother would care for the child
just as if it was a full-term birth with the hope that the infant would survive.
In the mid-eighteenth century there was a surge in Americans traveling to Britain for
medical training. In Britain, the practice of midwifery was trained as a part of medical
science. At this time, medicine was practiced primarily by men. Men were now being trained
to do what only women had done in the past, assist in childbirth. It was not until well into the
nineteenth century that doctors began to incorporate obstetrics into their practices. This was
primarily driven by upper-class American women wanting the formally trained attendant to
care for them during delivery; in which case, a doctor was the one to turn to. Childbirth at
this time was still considered very dangerous. They believed that a doctor would provide a
safer and less painful delivery. With this was the turn of childbirth into a medically driven
procedure (Dye, 1980). Women took comfort in this, believing that doctors were safer than
traditional birthing practices. Birth began to become more private and less natural. Doctors
would not allow friends and family around the mother as to ensure they would not be
undermined, and this also created the illusion that birth was to be more modest. The

introduction of obstetrics into the American medical community in the late nineteenth
century would bring doctors to believe they held the capabilities to care for both mothers and
their newborns concurrently (Baker, 2000). At this time, between 15% and 20% of newborns
did not survive their first year of life (Baker, 2000). Common causes of death for premature
infants were hypothermia, infection, and weight loss. Mothers would use several techniques
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learned through medical guides to combat these ailments. Practitioners were generally not
involved in the after care of the babies; this was still solely done by the mother (Baker,
2000). During this same time, the first incubator was created, which saved the lives of
premature infants who would have died without this new technology (Davis, Mohay, &
Edwards, 2003). In the 1870s, Stephane Tarnier, a French obstetrician, went searching for a
way to keep warm premature infants who may have died from hypothermia. Inspired by the
chicken incubator at the Paris Zoo, Tarnier had the zoo’s instrument maker construct a device
that would be used for an infant. Tarnier manipulated the device to work for a single infant
and was heated by hot water bottles changed every three hours by nurses. A simple
convection ventilation system circulated air around the infant and upward out of the chamber.
Thus, the infant incubator was born. Tarnier made claims that his invention could reduce the
infant mortality rate as much as half (Davis et al., 2003). The simplicity of the design,
specifically the glass walls, allowed for mother involvement. There was also time allotted for
mothers to breastfeed. As success of the incubators continued to increase, the awareness of
this new technology spread worldwide.
During the early twentieth century, a turn on midwifery occurred and many states
began to outlaw it entirely, while other states regulated it so heavily that the requirements
were impossible to meet (Dye, 1980). Hospitalization for birth and post-birth care of both

mothers and infants began to rise. The introduction of incubators into the hospitals and the
organization of them into their own nursery created a new obstacle for mothers. One very
important principal of a hospital was cleanliness and sterility. In order to keep the
environment surrounding the incubated infants as sanitary as possible, a mother’s
involvement became limited (Davis et al., 2003). This began a new separation between
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mother and infant that had been practically nonexistent prior. By 1920, birth had been viewed
as a surgical procedure. At that time, three fourths of all births were still happening at home.
With the switch from midwives attending births to doctors, the scenery surrounding birth
changed as well. A mother who was attended by a doctor would now labor and birth her child
within a medical setting. Doctors would employ such interventions as induction, forceps,
episiotomies, and anesthesia (Dye, 1980). As new medical technologies emerged, infant
mortality rates decreased. Introduction of oxygen therapies to incubators and the inclusion of
antibiotics and immunization programs made significant improvements to the continuation in
the reduction of infant deaths (Davis et al., 2003). However, sanitation became increasingly
important and far more restrictive on mothers and newborns within the nursery.
By 1960, nearly 96% of all births were taking place in hospitals. The views of giving
birth, in the eyes of the mother, changed to being more fearful and isolating (Dye, 1980).
Simultaneously, in the 1960s, neonatology emerged as a medical specialty. Hospital policies
of the decade restricted a mother to enter the nursery only a day or two before the child was
to be discharged. Often the mother would never be allowed in; the fear of infection and
germs was the utmost concern. The severity of this separation was extreme, and parents were
left to suffer. Toward the end of the 1960s and into the 1970s, Stanford University Medical
Center conducted an experiment allowing mothers to enter the neonatal intensive care unit

(NICU) shortly after birth to care and handle their newborns, taking several cultures before
and after the mother had been present to determine if, in fact, there was an introduction of
infection by the parents. This experiment concluded there was no evidence that allowing
parents into the NICU caused an increase in infections (Davis et al., 2003). These results had
a dramatic effect on how these environments operated and the relationship between mother
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and baby. Following these results, researchers began to study the effects to the mothers and
babies by their increased contact with only positive results for both (Gulla, Cooper, Blaine,
Franck, Howse & Berns, 2017; Takahaski, 2011)
In the 1960s and 1970s, the feminist movement also included a health movement that
brought women more control over delivery of their child. Many women were choosing a
fully natural and medication-free birth (Burke & Seltz, 2018). This movement focused on a
more natural birthing process, one in which mind and body were brought together to create a
more relaxed environment for mother and child (Burke & Seltz, 2018). While an increasing
number of women since that time have chosen to do a natural birth, the commonplace
remains a hospital birth with administered pain medication, which endures to this day. As a
result of this movement of healthcare liberation, women have taken more medical decisions
into their own hands. Families were once again becoming involved in births, similar to the
century before.
For decades preceding, there was a hospital standard of care of newborns post-birth.
Even healthy newborns would be removed from their mothers’ care post-birth and enter into
a nursery. Every 3-4 hours, they would return to their mothers’ rooms for feedings then be
returned to the nursery (Davis et al., 2003).
In 1976, March of Dimes published the report Toward Improving the Outcome of

Pregnancy, in which it suggested that neonatal care units be separated into three different
levels to more adequately care for the children (American Academy of Pediatrics, 2004).
This would give more resources and personnel to infants with the most severe ailments
(American Academy of Pediatrics, 2004). Separating neonatal care into these levels allowed
for standards of care provided to each patient to be developed and implemented. This was not
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only beneficial to the patient, but also to the hospital, their staff, and even insurance
companies. These levels separated out not only what types of care would be available, but
also what equipment and staff specialty would be allocated for each unit type. By 1993,
many things had changed within the medical field, and many new technologies existed. This
brought about a new updated report with even more criteria fitting into the three existing
categories (American Academy of Pediatrics, 2004).
Since its creation, the neonatal care unit has been designed based on the needs of the
patient (i.e., the baby) and the ability for the medical staff to attend to the child and complete
any necessary medical procedures under their care. Consideration of the mothers, their
natural instincts, and their need to take care of their newborn has been lacking. Instead, the
medical staff is performing all of the traditional motherly duties, such as feeding, hygiene,
and nurturing. This perpetuates the separation of mother and child and does not teach the new
mother techniques for special caregiving. A stronger focus needs to be on the mother being
the primary caretaker of her child. Family-centered care is becoming more of a widespread
practice, as well as couplet care, in which the mother and child are being treated as one
(Spradlin, 2009). However, current maternity recovery room designs inhibit family-centered
care because they are not equipped to care for a child who requires specialized care or
treatments. Similarly, current neonatal care units are not equipped to care for the recovering

mother post-birth. This research intends to explore these issues and propose design
suggestions to correct them.
Research Question
In what ways can maternity room design be improved to enhance the experience for
post-birth families with newborns who require neonatal intensive care? How can it
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incorporate couplet-care principles within the room design to ensure families are not
separated?
Purpose of Study
The mixed-method research aimed to identify the factors that limit or inhibit the
natural behaviors between newborns, the mothers, and family members within the hospital
environment. A sample group of mothers who have had a child admitted to the NICU was
surveyed. Using these discoveries, a set of guidelines was composed. These guidelines
suggest a new hospital room design to address inadequacies that have been discovered.
Justification of Study: Researcher’s Personal Experience
In April of 2016 my first child was born. In November 2017 my second child was
born. Both children had been admitted to neonatal care upon their birth. These are the stories
of my experiences which led to this research:
April 15-22, 2016
DMC Huron Valley Sinai Hospital-Commerce, Michigan
My daughter was born in the morning on April 15. During her development she had a
cyst develop within her bowels. We were told that upon her birth she many need to be
evaluated and have imaging done to ensure that this cyst wasn’t causing any medical
conditions or affecting her in any other way. They had prepared us that she would probably

enter in the Critical Care Nursery at some point after her birth. Nothing, however, could
have prepared us for what happened. She was born via cesarean section at 8:48 a.m.
Immediately after she was removed from me, she was taken to the observation table within
the operating room for her Apgar score. My husband and I sat and just listened nervously to
every word they were saying while basking in the glory of our daughter being born. We were
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parents; our first child was here. As I laid there on the operating table, my body yearned to
see and hold my little girl. Minutes after minutes passed. The next thing we saw was an
incubator roll into the operating room, the quick movements of the nurses, and then they told
us she was going to the Critical Care Nursery as she was not able to breathe on her own. I
remember asking to see her. While they rolled her out of the room, they stopped for a split
second for me to lay my eyes on her, but she was turned away from me. I never saw her face.
I was taken back into my room and was in recovery. I waited to hear from the nurses
about how much my daughter weighed and how long she was. I was very anxious and
thinking they would wheel her into my room at any time. The nurse informed me that it can
take a little while for the nurses to get the child completely evaluated. During that time, we
wouldn’t be able to call down to the Critical Care Nursery. We were told that when she was
settled the nurses would call down and let us know when she will be ready for us to come see
her. We continued to wait without ever receiving a call, hours had passed. My nurse would
continue to call down to the Critical Care Nursery to check to see if we could come down,
and time and time again, they would either say no or they wouldn’t answer. It was noon
before we were told we could see our daughter for the first time. However, I wasn’t allowed
to go as I was still considered in recovery from the caesarean section. My husband went
down and got to see our daughter. I laid there in bed just in shock that I still hadn’t even

seen or touched my baby nearly 4 hours after her birth. Shortly after my husband left, he
called, video chat. How wonderful technology is, as when I answered the phone, I saw my
daughter’s beautiful face. It was a moment that brought me to tears. The first time I laid eyes
on her was through the phone. It wasn’t until 3:30 p.m. until I got to see her face to face. It
was 7 hours after her birth before I was able to touch her for the very first time. That day
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nearly every baby born in that hospital entered into the Critical Care Nursery, so they were
extremely busy. We had only been able to spend a couple minutes with our daughter before
we were ushered out of the unit because they were about to take in a new patient. No one was
allowed in the NICU while they admitted a new baby. I felt robbed. All I wanted was to be
next to my child. Hold her in my arms, which I hadn’t yet had the opportunity to do. At 8:30
p.m., we were allowed back into the Critical Care Nursery and finally were able to hold our
daughter. We spent hours there getting to feed her for the first time, getting to change her
diapers and speak with the medical staff regarding her conditions and tests that had taken
place, none of which we were even notified of. For the first 12 hours of my daughter’s life,
she didn’t have her mother. She was isolated and was practically left alone in her incubator.
She was not held. She was being poked and prodded for different tests, ultrasounds and xrays. She hadn’t been able to feed due to her high respiratory rate. She only received a
pacifier when she cried and a diaper change when needed. That thought of her being left
alone is heartbreaking. We wanted so badly to be in there; however the hospital’s policies
made that impossible.
Our daughter spent 8 days within the Critical Care Nursery. I was discharged after 3
days, which was the longest time the hospital was actually able to keep me admitted. After my
discharge my husband and I traveled back and forth from the hospital several times a day.

There were times that everyone was kicked out of the unit. Anytime there was a new
admission, but also 2 times a day when shift changes happened, 7 a.m. and 7 p.m. Between 78 no one was allowed in. So many families would just wait that hour in the halls. I recall that
we would get to the hospital at 6am to do her feedings. By the time she has finished, burped,
and was changed, it was shift change. So, we spent an hour caring for our daughter, then
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had to wait in the hallway for another hour to be let back in. As new parents we never
wanted to leave her. We wanted to be by her side as much as we could, and as a newborn she
slept a lot. We would need to leave the hospital to sleep ourselves, but also for all meals as
we weren’t able to eat in the Critical Care Nursery. While parents weren’t at the hospital the
nurses provided all the care to the newborns. Feeding, changes and attending to their crying
was all done in a very medical and scheduled approach. There were only 2 nurses at any
time with up to 8 babies in the nursery at a time. Babies were put on a feeding schedule that
worked for the nurses. It gave each baby around 20 minutes to eat and be burped before
returning them to their incubator. The nurses were very impersonal; you could tell them
where you were going and ask them to call if there was a change in their health, the doctor
arrived or when they were finished with an intake, but they wouldn’t. We were just another
patient. It was also unknown when your child would be seen by the pediatrician that was on
staff. They only came in one time a day, and that would be the only time your child was
evaluated and a treatment plan for the day was given. If you weren’t there during that
unknown time the doctor was there, then you were unable to get any questions answered. The
way it was run was just awful for parents.
When entering the Critical Care Nursery, you were required to wash your hands and
arms if exposed and then were required to wear a hospital gown over your clothing. There

was no opportunity for skin to skin contact with the child. Several days after being born our
daughter was allowed to wear clothes. Up until that point, she was exclusively in a diaper
with a hospital issued blanket. It took us by surprise to come in one morning and see that she
had been put into hospital provided attire. They told us that from that point forward we
would be allowed to bring outfits and blankets for her. That was the only thing we had that
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began to make our child feel like ours. We brought her blankets that were purchased for her
from family and outfits that we had picked out for her. Nothing else was allowed in.
The unit was open-ward and there were 8 available spaces for patients. Next to the
patient’s incubator was a single rocking chair. Which meant only one parent could sit at a
time. The other would be forced to stand or squat next to the chair. Since there were often
extra chairs unoccupied, we were able to use one until another family needed it. The space
given to each child was so tiny. You became friendly with your neighboring parents. Not by
choice but mainly because you were practically sitting directly next to each other and there
was no privacy so everyone in the unit knew what everyone else’s child was there for, their
medical needs etc. There was a window near our specific space but other incubators didn’t
have one. The window was covered by metal blinds and wasn’t allowed to be opened. The
lighting was dimmed during nighttime hours to help the babies adjust to a normal circadian
rhythm. There was no music, there was no television, there was only the endless beeping of
the machines. When you hear the alarm of one of the babies go off, everyone in the ward
shakes. As a parent your heart drops and you go into panic mode. Is it my baby? This would
happen consistently, several times an hour.
The way in which the Critical Care Nursery operated was dreadful as a parent. It
started to feel like a jail, one holding our child inside. Every morning you enter with

excitement to see your child. Every time you have to leave your heart breaks, as you have to
leave a part of you behind. It may be your child, however, within that locked ward that child
is just another patient, and you are just another body taking up space within the ward.
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Eight days after her birth our daughter was discharged from the hospital. There was
so much relief to take our child out of there and begin the bonding process that should have
begun the moment she was born.
November 3-8, 2017
DMC Huron Valley Sinai Hospital - Commerce, Michigan
The Children's Hospital - Detroit, Michigan
On the afternoon of November 2, 2017, I received a call from my OBGYN. He stated
that my testing from a few days prior came back and I had preeclampsia. He informed me
that he was going to be calling the hospital and work on getting me scheduled for an
emergency caesarian section. To say this was a shock was an understatement. I wasn't due
for another 2 weeks. Everything went into high gear. We needed to get the babysitter here for
our daughter. We needed to pack our bags. We had to mentally prepare ourselves that this
was happening, now. Later in the evening the doctor called and said we were scheduled for
first thing in the morning.
After a morning and afternoon at the hospital we were finally taken back into
surgery around 3:15 p.m. and after some complications our son was born at 3:44 p.m.. That
feeling of being overjoyed hit me immediately. We knew our son was healthy. My husband
and I waited as our son was taken to the observation table to be cleaned up and given his

Apgar score. As soon as that was over we would be holding our son. We listened to the words
that were being said between the nurses and then things went quiet. The only talking was
between the medical staff completing my surgery. My stomach started to sink, and then I
heard them say "call the CCN." They were calling the Critical Care Nursery. The tears came
down from my eyes faster than I felt like I could process the information. Not again. This
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cannot be happening to us again. They are not taking my baby from me again. My husband
just held me, and I cried harder than I have ever done before. My heart was ripped into
pieces. I was not only feeling the physical pain as the anesthesia I was given to numb the
pain of the surgery wasn't working, but I was also feeling the emotional pain that my child
was leaving me once again. I would be going through the horror of admission to the Critical
Care Nursery once again.
This time there wasn't even time for an incubator to arrive. They brought our son
over to us so we could get a look at him. He was all wrapped up, and they were using a hand
operated respirator on him. He wasn't breathing. They removed the respirator from his face
so we could take a picture of him. I touched his face with my finger and gave him a kiss on
his cheek. They returned the respirator to his face and began pumping as they walked out of
the room. After that everything was a total blur. I was completely numb. Hysterically crying.
Telling my husband this can't be happening again. We had no idea what was wrong with our
son.
My husband and I returned to our room for recovery time. I remember just lying there
on the gurney staring and crying. Nearly two hours had passed, and the pediatrician came
into our room to talk to us about our son’s diagnosis and condition. It was worse than we
could have imagined. He had blood in his stomach and lungs and was unable to breathe on

his own. He also had concerns with the PH levels of his blood. The levels indicated that he
may have swelling inside of his brain. He needed to be evaluated by a Neonatologist. It was
urgent, a true emergency. If he did indeed have swelling in his brain, he may develop brain
damage, hypoxic-ischemetic encephalopathy. He needed to be evaluated to determine if he
would need cooling therapy, also called hypothermia therapy. This procedure places a
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cooling blanket underneath the child and brings their body temperature down to hypothermic
levels for 3 days to reduce the swelling in the brain. After that time the child's temperature is
slowly raised over 7 days back to normal. This treatment has to begin within 4 hours after
the child's birth to be successful. Time is of the essence. We were told that our son was being
transferred out of our hospital to The Children's Hospital in Detroit. They were pioneers in
this treatment and would give the best care available at that hospital. The transfer was
already in place, the team was on their way to retrieve him. I asked the doctor to see him and
he said I wouldn't be able to and left. The level of my sadness wasn't something I had ever
felt before. I cried with a deep hallow in my voice, a sound I never had heard a person make
before. My child's life was in jeopardy. I am stuck here, and he is leaving, and I haven’t even
held him. My thoughts ran wild and terror wreaked havoc on me.
The nurse that was caring for me during my recovery had left the room with the
pediatrician. It was time for us the time to grieve this news. She returned moments later with
a wheelchair. She asked me if I thought I could get in it. Getting me in that wheelchair meant
I would be taken to see my son before he left. There wasn't anything I wouldn't do to be able
to get to him. Even just two hours after major surgery, I got myself out of that bed and into
that chair. That nurse was an angel in scrubs. She alone gave me the chance to be with my
child. She was determined and wasn't going to let anything stop us from being together.

We entered the same Critical Care Nursery that our daughter was in a year and a
half ago. We knew the drill and how things worked. We were taken to his incubator and put
our hands through to touch him. Tears ran down my face knowing I didn't know what was to
come. My husband and I sat there just touching our little babies’ hands and feet. Shortly
after the team arrived to transfer him. One of the ladies from the transfer team saw the
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sorrow in me. She looked at me and asked me if I wanted to hold him as they moved all his
tubes and hook ups from the one incubator to the other. The longing to hold him was finally
being filled. I held him and he opened his eyes. I talked to him and kissed him, and then he
was gone. We followed him out of the Critical Care Nursery. Some of our family was in the
hallway, getting a glimpse at him as they rolled him away.
The emotional toll of being separated from your child is something you can't describe
and won’t ever forget. My husband followed our son down to Detroit and now our family was
just torn to pieces. My daughter at our home, myself in the hospital, my son and husband in
another hospital. I just laid there alone in my room, waiting for news. My son was admitted
and evaluated, and it was determined he didn't need the treatment. However, he was still in
need of a higher level of care due to his inability to breathe on his own and being that he had
blood in his lungs and stomach. He would also undergo a series of additional tests to ensure
every inch of him was working as it should.
My husband stayed with our son inside the hospital. Unlike the Critical Care Nursery
that my daughter was in, my son was in a Pediatric Intensive Care Unit. The Children's
Hospital in Detroit is a newer hospital and had adopted a single-patient room approach to
their ward. One patient to one room. However, the room my son was first admitted to was for
twins and was within the interior of the building. There were no windows; it was completely

dark with a small television in one corner. There were two small chairs within the room that
my husband put together to be able to sleep on. Those first two nights were rough on all of
us. Two days after my surgery I was discharged from the hospital. I was still suffering from
very high blood pressure, but the doctors and nurses knew our situation. I promised to
monitor myself and take medication in exchange for the early discharge.
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Finally being reunited with my son was incredible. However, my husband and I knew
the drill. We knew that we would have restrictions on what we could and could not do with
our own child. We got transferred into a single incubator room. This room had two large
windows that had different types of blinds on them to allow some light or darken the room
completely. It had a couch that pulled out into a bed. However, no one knew how it worked.
It also had a single chair and a small television in the corner. This television was so tiny, we
estimated it as 12” wide by 8” high, around the size of a piece of paper. I made myself at
home in that room immediately. I moved the couch around to face the television. This way I
could relax, put my feet up and hold my son. I was in recovery, and I wasn't going to miss a
moment to have my son in my arms. I brought my son his own blankets and clothes. There
was a side cabinet that had pillows inside and we could keep our belongings in. The room
had just enough to get by and nothing more. It addressed some comforts that parents would
need. It was a great upgrade from the Critical Care Nursery's open-ward. We had privacy, a
place to sit and even sleep, and a television to help keep us entertained for the hours and
hours we were spending there. It wasn’t comfortable at all for a recovering parent. However,
something was better than nothing, significantly better than the Critical Care Nursery.
We were treated by staff as if we were bystanders. Nurses would come in and do
their rounds of checks and diaper changes as if we weren't there. They would even remove

my sleeping son out of my arms with no regard in order to complete their assigned task,
instead of waiting until he was awake. They would bring formula to us when it was time for
his feeds. It was very regimented. We couldn’t care for our child in the way we felt he
needed. It was how the hospital procedures were. Procedures for our son were the worst. He
was surrounded by medical staff and many interns. As parents we couldn’t hold our child, be
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by his side, hold his hand or rub his head. Instead, we were left to watch our son scream and
cry knowing we couldn’t comfort him. We were helpless to the way the doctors wanted
things. It was as if the human connection between the medical procedure and the patient and
the family was non-existent. As much as it hurt to have him hooked up to all of these wires
and tubes, it hurt worse to know that he couldn’t have the comfort of his mother in the times
he needed it the most, all while he was the most vulnerable.
Our son spent five days in the hospital. A short visit compared to many, but those
were the first five days of his life. Some of the most important days to bond. Leaving the
hospital was liberating. We could finally be together as a family, my husband, daughter and
my new son.
The above experiences are not unique as many families have stories just like them.
Mothers can suddenly and unexpectedly separate from their infants, disrupting the entire
natural birth routine. The above experiences were from two different hospitals, while very
different from each other both had reoccurring themes with restriction of infant interactions.
The experiences have prompted this research and development to combine care for mothers
and newborns, creating a space where both can be cared for at the same time and not be
separated. Innovation in how these spaces are designed and function for the families that use
them is critical.

Based on my personal observation and experience during my time in both hospitals,
several critical themes emerged that hindered us. Privacy, personalization, comfort and
flexibility were all things that could be addressed and altered through evidence-based design.
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Study Assumptions
It is assumed that mothers who experienced single-patient rooms will have more
amenities provided to them, increased skin to skin contact, the ability to stay with their
children around the clock, more privacy, and shorter lengths of their infants’ hospital stay. It
is also assumed that mothers of open bay NICUs will have had little privacy, no ability to
stay the night with their child, and longer hospital stays with no additional comfort amenities,
including televisions, available to them.
Study Limitations
This study is limited to only mothers. Fathers’ perception and personal experience
will not be considered. It is also limited to those who chose to participate were are eligible to
do so. The survey is was hosted online and was limited to those who have the ability to
complete the survey through a computer, tablet or mobile device. The survey link was
distributed through a post to the researcher’s personal Facebook page and shared with
personal connections and with mother and NICU family focused groups. This limits the study
population to those who were in close connection to the researcher, and shared common
interests of being a part of the mother focused groups.
Conclusion
Knowing where NICU care has been in the past, along with the personal experiences

of the researcher of two different NICU styles were the basis for the development of a
survey. The survey conducted addressed the surroundings that come into play so design
revisions for a NICU can be made. Since the NICU involves infants, family and practitioners,
there needs to be a better understanding on what the design requirements are now, where
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designs are headed and what should be considered for implementation that isn’t being
currently addressed.
Terminology
Apgar Score. A quick method of assessment for an infant upon birth. The score addresses
color, heart rate, reflexes, muscle tone, and respiration, and each item is given a score 0-2,
adding up to a total score of 10 (American College of Obstetrics and Gynecologists [ACOG],
2015).
Critical Care Nursery (Special Care Nursery). A level 2 neonatal care nursery, which
provides resuscitation and stabilizes an infant for transport to a higher care neonatal care unit
and provides stabilization and care for moderately ill infants (American Association of
Pediatrics, 2014).
Hypothermia. Subnormal body temperature below 95 ºF (Hypothermia, n.d.)
Hypoxic-Ischemeic Encephalopathy. Brain injury due to lack of oxygen prior to birth, or at
birth (Zanelli & Nimavat, 2018)
Incubator. A climate-controlled environment chamber in which used to care and protect
premature or ill infants (Incubator, n.d.).
Preeclampsia. A medical condition in late pregnancy in which blood pressure rises suddenly
and sustains at high levels (Preeclampsia, n.d.).

Respirator. A medical device used to provide artificial respiration (Respirator, n.d.).
Hypoxic-Ischemeic Encephalopathy. Brain injury due to lack of oxygen prior to birth, or at
birth (Zanelli & Nimavat, 2018)
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Chapter 2: Literature Review
As Robson, MacMillian-York, and Dunn (2016) said,
Ongoing patterns of separation become reinforced because of a lack of proper
facilities; parental presence may be encouraged but lack of facilities or acceptable
accommodation making it practically difficult for parents to be present in the ways
they might choose. These patterns of separation can have lasting negative
consequences on attachment and infant/parent mental health. (p. 226)
Maternal Health
Many parents have reported leaving the NICU with mental health issues. This can be
made worse by the events surrounding the NICU stay or brought on primarily by these events
(Robson et al., 2016). Shortly after birth, a child in need of neonatal care will be whisked
away, separated from their mother and placed into an incubator. This separation can be a
couple of hours or much longer (Robson et al., 2016). Depression, helplessness, isolation,
shock, fear, anxiety, and post-traumatic stress disorder all can be felt by mothers who have
infants in neonatal care (Fleck, 2016; Medina, Granero-Milina, Fernandez-Sola, HernandezPadilla, Camacho Avila, & Mar Lopez Rodriquez, 2018; Umberger, Canvasser, & Hall,
2018). It is reported that 15% of mothers experience post-traumatic stress disorder (PTSD)
after their children are admitted to the NICU (Williams, Patel, Staumire, Bridges, Mathis, &

Barkin, 2018). Furthermore, reports have stated up to 40% of mothers may be affected with
PTSD within the first 14 months post-birth (Harris, Gibbs, Mangin-Helmos, & Pineda,
2018). Harris et al. (2018) studied the mental health of the mothers of NICU infants. Their
study concluded that 64% of mothers surveyed experienced psychological distress at the time
in which their newborn was discharged. The mother’s mental health needs to be watched and
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evaluated regularly. One in seven American mothers experience postpartum depression
(PPD). Mothers of infants admitted to the NICU are at a higher risk for PTSD, PPD, and
postpartum anxiety (PPA; Harris et al., 2018). Some symptoms of postpartum depression are
decreased appetite, irregular sleep patterns, less infant engagement, and failure to care for
themselves (Harris et al., 2018).
The feelings of loss and emptiness are also common emotions for a mother of a NICU
infant. Many mothers never imagined these events could happen to them, and emotional
crisis can ensue. Not knowing how to react, having mental confusion and emotional shock,
feeling they have lost control, and not being able to manage their emotions have all been
reported by mothers in a study conducted by Medina et al. (2018). Medina et al. also had
found mothers had incredible stress upon first visits to the NICU with the unknown condition
of their infant and the unknown environment the families are entering. Sources of stress can
come from the infant’s appearance and behavior, along with the highly medicalized and
overwhelming environment of the NICU (Harris et al., 2018). Mothers who experience high
levels of stress are less likely to interact with their infants in the NICU and less likely to
participate in skin-to-skin contact with them (Williams et al., 2018). Periods of grief are also
common as parents are grieving the traditional parenting experiences and roles that are being
taken over by nursing staff (Williams et al., 2018).

A study conducted by Makela, Axelin, Feeley, & Niela-Vilen (2018) surveyed
parents in a Level 3 NICU. Some mothers referred to the NICU stay as a rollercoaster of
emotions that included joy and calmness, to worry for their children’s health. It also found
that some mothers felt like bad parents when they had to leave their infants. For some
parents, this created euphoric emotional highs when they returned. Mothers also reported

DESIGN UNITING MATERNITY & NEONATAL INTENSIVE CARE

22

feeling emotionally separated from their children even when they were physically close,
possibly as a coping mechanism for this emotional time (Finlayson, Dixon, Smith, Dykes, &
Flacking, 2014). This struggle of a mother within the NICU may show itself in many
different areas. The mother can have a difficult time finding her place (Finlayson et al.,
2014). An infant on a ventilator or one that is medically fragile can also create less
confidence in a parent’s abilities (Pineda, Stravinsky, Rogers, Duncan, Smith, Neil, & Inder,
2018). Also, parents can become disoriented and anxious by the sounds and lights of
medical equipment (Finlayson et al., 2014). Another study conducted by Tsironi, Bonvaretos,
Tsoumakas, Ginnakopoulou, & Matziou (2012) shows concerns that mothers felt their roles
as parents would change upon NICU admission and often worried that their children were not
being cared for correctly. They also feared the repercussions that a complaint in care may
have on their infants continued care within the unit (Finlayson et al., 2014; Tsironi et al.,
2012).
Separation between the mother and baby could affect their physical health along with
the mother’s mental health. The focus of both the family and health providers is on the infant,
and this in return can affect the post-natal care given to the mother. Post-birth care and
monitoring are vital. Serious and life-threatening medical complications can go overlooked
or undiscovered (Gulla et al., 2017).

In a study conducted by Gulla et al. (2017), many mothers reported feeling conflicted
with needing to take care of themselves and the time they needed to be with their children.
After all, these are mothers recovering from giving birth, some of whom may have had major
surgery to do so. Mothers who had a cesarean section delivery that resulted in a NICU

DESIGN UNITING MATERNITY & NEONATAL INTENSIVE CARE

23

admission are more likely to experience psychological distress (Harris et al., 2018). This can
be decreased if mother and baby are able to stay together.
Ettenberger, Cardenas, Parker, & Odell-Miller (2017) studied the effects of music
therapy on mothers and infants in the NICU. This study used live and recorded music and the
mother's voice. The mother’s voice would be live or recorded and would sing or read stories.
Including this therapy had a calming and relaxing effect for both parents and babies. It
reduced parental stress and anxiety. Mothers were more physically stable and were able to
respond more adequately to the infants’ needs.
Over the years, hospitals have been implementing a standard in which the mother and
child are not separated after birth. This may be called a mother/baby room or suite, or
“rooming in.” More science is being provided showing positive correlation to improved
health when mother and baby stay together. More mothers are insisting on staying with their
newborn children and more hospitals promote it (Denham, Busheheri & Lim, 2018; Gooding,
Cooper, Blaine, Franck, Howse, & Berns, 2011). However, this is not the standard in every
hospital, nor does it apply when a newborn needs neonatal care.
By having a room that allows for a mother to cohabitate with her child within the
NICU, it allows parents to participate in rounds, carry out basic caregiving, and become more
aware of babies’ cues and how to react to them (Robson et al., 2016). These are only possible

by parent extended stays.
Mother and Baby
Upon birth, it is important for both mother and baby to begin bonding and creating
attachment. They seem as if they are the same however they are quite different.
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Bonding. Bonding is referred to as the emotional tie between the mother and an
infant (Fleck, 2016). Skin-to-skin contact is one way that a mother and child can begin
bonding. Furthermore, breastfeeding adds to the early creation of bonding (Holdren, Fair &
Lehtonen, 2019). Many of the typical surroundings of the NICU hinder bonding. These
include the NICUs design, noise, limited privacy, staff routines, and non-family-centered
care (Medina et al., 2018). These all become hinderances and distractions in connecting with
their children. NICU infants are admitted receiving medical intervention. Mothers and family
members need a room that can accommodate specific spaces for visiting as well as elements
that can promote bonding (Medina et al., 2018).
Attachment. Attachment is the relationship that develops through the emotional bond
that is created. This began between mother and baby before birth and continues afterward.
Attachment is a language developed through sensory, visual, and tactile perceptions only
those two can sense (Fleck, 2016). Attachment for both mother and baby is incredibly
important for short-term and long-term health. For the infant, attachment has long term
impacts on its cognitive, motor, and social development (Makela et al., 2018). The infant
learns the sensitivity of behaviors to its needs and associates this with a maternal identity.
When receiving consistent maternal sensitivity, a secure attachment will be created. This
positive attachment has impacts on social, language, and cognitive behavior as the infant

grows. It has also been shown that the sensitivity of the mother can improve physiological
regulation while in the NICU (Fleck, 2016).
The admission to the NICU creates physical distance between mother and baby which
interferes with the natural attachment process. This disruption creates loneliness, fear of loss,
and stress for the infant, and can play a role in its temperament as it is are being cared for by

DESIGN UNITING MATERNITY & NEONATAL INTENSIVE CARE

25

others that are not its mother (Fleck, 2016; Medina et al., 2018). However, the separation
does not only affect the infant. The mother is greatly impacted by the disruption to the
mother-infant attachment, and it can result in the mother being insensitive to the needs of the
child (Fleck, 2016). It additionally can cause depression and insecure parenting (Makela et
al., 2018). The disconnection between mother and child increases the risk of developing an
insecure attachment, which may interfere with normal development, and result in socioemotional insecurity (Fleck, 2016; Medina et al., 2018). This may result in mental health
intervention as the infant enters toddler years and preschool (Brown, Martinez & Talmi,
2016).
Infant Development
In the beginning of an infant’s life, the brain is rapidly processing and organizing
information. Some hospitals are establishing the family-centered-care neuroprotective
approach to the care they provide. This puts prominence on creating a healing environment
surrounding the infant. Providers partner with families to provide safe sleep and development
of a natural circadian rhythm, minimization of stress and pain, encouragement of infant
neurodevelopment, maximization of nutrition, and promotion of bonding and attachment
(Brown et al., 2016). It is important to develop spaces in which the sensory experience of the
room is appropriate for an infant. This space needs to support intimacy and nurturing of

relationships formed within.
Skin-to-skin. In the first days of life, an infant in the NICU can be physiologically
unstable, further reducing its ability to create bonds with its mothers (Medina et al., 2018).
Having skin-to-skin contact along with early suckling have a positive effect on both mothers
and infants, as well as promote bonding. This contact involves an unclothed infant being
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blanketed on the parent’s bare chest (Pineda et al., 2018). Contact must be continuous after
its initiation in order to be effective. It has been reported that it should last between 1 and 2
hours after birth (Karlsson, Heinemann, Sjors, Hedberg Nykvist, & Agren, 2012). Most
hospitals post-birth procedures do not include uninterrupted skin-to-skin contact; rather, they
put focus on completing a series of tasks as part of their work assignments (Phillips, 2013).
The skin-on-skin contact is often referred to as “Kangaroo Care” (Brown et al., 2016). When
a mother and child are separated and unable to have this contact, it can be detrimental in the
development of their bond (Fleck, 2016). Skin-on-skin contact has many physiological and
psychological effects on the infant. It has been concluded that this contact decreases pain
responses, increases glucose and respiratory stability, reduces hypothermia, improves weight
gain, contributes to cognitive development and growth, increases reflux development,
reduces stress and crying, and contributes to better fine and gross motor skills (Pineda et al.,
2018; Philips, 2013).
For mothers, skin-to-skin contact enhances the attachment and nurturing. It can
reduce symptoms of depression (Brown et al., 2016). Decreasing the separation between the
mother and infant can also increase milk production, and adding skin-to-skin contact can
encourage breastfeeding (Holdren et al., 2019). Mothers who have been able to hold their
child skin-to-skin following a cesarean delivery have reported reduced pain levels, decreased

anxiety levels, and increased stability for both blood pressure and heart rate (Phillips, 2013).
Skin-to-skin contact post birth is commonplace for many hospitals with vaginal
deliveries. This is not the same for caesarean births. If a mother can have contact
immediately following delivery, it will be short lived and the child will be taken away for
observation from the medical staff while surgery is concluded (Redshaw, Hennegan, &
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Kruske, 2014). Many mothers of cesarean deliveries never get the opportunity to
immediately hold, or even hold their babies in those first hours following birth, and miss the
opportunity for important bonding (Spradlin, 2009).
Noise. Noises that are created within the NICUs come from a variety of different
places. One of which is medical equipment such as ventilators, infusion pumps, monitors,
and radiant warmers. Another source are the occupants, including staff, family, visitors, and
infants themselves or others within the unit. Also, noise is produced within the built
environment through the closing of doors and drawers, movement of furniture, and air
handling units (Cardoso, Kozlowski, Lacerda, Marques, & Ribas, 2015). Nearly everything
around these infants makes noise; at this time they are incredibly vulnerable (Pineda et al.,
2018).
Noise levels alone can have a physiological impact on these infants by increasing
their heart rate, blood pressure and respiratory rate. It also can decrease their oxygen
saturation and impacts the organization of the nervous system (Cardoso et al., 2015; Pineda
et al, 2018). In order for the infant to recover and heal all of these ailments, noise needs to be
regulated to its proper levels. All these factors, or one being above or below normal, may
result in delay in the patients discharge. Rest from noise is critical for an infant’s
development and growth (Cardoso et al., 2015; Pineda et al., 2018). Hearing the voice of its

mother has a soothing effect on the child (Brown et al., 2016).
High noise levels also have psychological effects. They can interfere with
communication between mother and baby, creating stress and irritability. Cardoso et al.
(2015) studied the effects of noise levels on infants in a neonatal unit and found that
physiological and behavior effects came from high noise levels. Their findings fell in line
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with others, showing increases in heart rate, blood pressure, and decreases in oxygen
saturation (Cardoso et al., 2015). They also found high noise levels increased crying,
agitation, sleep disorders, apnea, intracranial pressure, and even immune and neuroendocrine
effects.
There are some sound stimuli that have a positive effect on the infants. Music
therapy, soothing voices, and other sounds all can be used. Studies have shown that this type
of therapy has positive effects on infants, physically and mentally (Ettenberger et al., 2017).
Hearing their mothers’ voices telling stories or singing, and recorded or live music has been
shown to improve heart rate, respiratory rate, oxygen saturation, blood pressure, increase
weight gain, promote better sleep patterns, and reduce crying and infant stress.
Lighting. Lighting within the NICU environment is one of the most controllable
elements of the space. Upon birth a child needs to establish a natural circadian rhythm.
Within a NICU space, this can be difficult to achieve with overhead medical lighting and
introduction of windows into rooms (Brooks, 2013). Currently the recommendation for
hospital lighting is 1,000 lux. In “The NICU Lighted Environment” by Rea and Figuerio
(2016), they state that lux levels of 30 or below do not affect the circadian rhythm.
One study placed a light reducing helmet on infants from 7 pm to 7 am to measure the
effects of light on the child (Vasquez-Ruiz & Maya-Barrios, 2014). The helmet reduced the

level of illumination at the infant’s eye levels from 249 ± 11 lux to 27 ± .08 lux. During the
first 10 days, infants who did not receive the light reducing helmets showed more
intolerances with food and had more vomiting, diarrhea, and abdominal distention. Those
with the helmets regained their birth weight more than 50% faster than those without. They
also maintained more stable heart rates and had quicker improvement of peripheral oxygen
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saturation. Higher levels of melatonin were exhibited during times when wearing the helmet,
which resulted in the infant arriving at a normalized circadian rhythm quicker (Vasquez-Ruiz
& Maya-Barrios, 2014). The group of infants who were not given the light reducing helmets
were split into two groups, one with constant light and one with constant dimness. There
were no measured differences between those two groups. Thus, the researchers concluded
that neither constant light or darkness has a differing effect. With this experiment, the length
of stay for infants using the light reducing helmets was diminished. The infants in the group
that was not helmeted were released from the NICU between 20 and 98 days, while the
helmeted infants were released between 11 and 63 days after admission (Vasquez-Ruiz &
Maya-Barrios,2014). It was concluded that those infants had a direct correlation of reduced
stay and better health due to the light-reducing helmets. Infants who were exposed to low
light levels during the night and higher light levels during the day became healthy quicker.
Studies have been conducted and have determined that exposure to consistent bright
lights has a negative effect on the growth and development of preterm babies (Vasquez-Ruiz
& Maya-Barrios, 2014). Consistent with high noise levels, high lighting levels can affect the
vitals of an infant. If a child is feeling distress from its surroundings, it may experience
higher respiratory rates and require additional oxygen to stabilize oxygen concentration in its
blood. Long periods of high oxygen concentration have been linked to retinopathy of

prematurity (ROP), which causes permanent damage to the retinas (Rizzo & White, 2010).
These studies provide evidence that light plays a critical role in the overall room design as it
directly affects the health of the infants residing inside.
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Family-Centered Care
Many hospitals are adopting a new, family inclusive, style of care. Family-centered
care is described by Finlayson et al. (2014) as a heath care model in which family members
have a crucial role in the care of the hospitalized patient. Furthermore, it addresses how the
patient is cared for and is based around what is most beneficial for the patient, families, and
healthcare providers. A family-centered care approach has been what hospital spaces for
new mothers and intensive care infants are moving toward. Family-centered-care proposes
the health outcome of the patient to be best achieved when the family members are actively
involved in their care (Gooding et al., 2011; Finlayson et al., 2014). The goal is to send home
healthy and functional families, not just health infants (Robson et al., 2016).
One of the principles of family-centered care is to promote parenting skills with
hospitalized infants (Finlayson et al., 2014). Nurses can help facilitate bonding within
family-centered-care rooms, such as promoting early skin-to-skin contact, kangaroo care,
breastfeeding, and other activities that give mothers confidence and security when caring for
their infants (Medina et al., 2018). When parents are able to stay with their children, they are
able to participate more in caregiving and also have more medical knowledge about their
NICU children’s condition. They will be with the child every time a doctor or nurse visits,
establishing confidence in the care the child is receiving and with their new responsibilities

as parents (Gooding et al., 2011). The family-centered-care approach makes parents the ones
providing primary care to the infant, and sees parents as partners with medical staff (Kuhn,
Sizun, & Casper, 2016)
Families desire having opportunities to be together in private settings (Makela et al.,
2018). Makela et al. (2018) identifies in their study that parents wanted to be alone with their
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infants, have no disturbances, and care for their children like a typical parent. Having the
ability to feed their child, change diapers, nurture and even get their child to sleep was what
made them feel like real parents. Making the family a crucial part of the patient’s care
increases family visitations, participation in rounds, and overall family involvement (Latour
& Coombs, 2019).
Robson et al. (2016) referred to the NICU as a place of both trauma and celebration
and should be designed to support activities for each. Ensuring that there is adequate space
for all activities to take place within the room design, including nursing, daily activities,
family visitation, and medical procedures. Also, it ensures there is infection control all while
keeping the baby close to its mother. These are key components for this design to be
effective (Zeit, 2013). Enhancing the overall design in positive ways will decrease stress.
Incorporating color, nature, art and music within the built environment will also be beneficial
to its occupants (Cone, 2010).
Couplet care. Couplet care takes family-centered-care to another level. This typically
refers to the mother and child being treated together as one unit, a couple, and not being
separated unless there is a health concern of one of the patients (Brown et al., 2016; Spradlin,
2009). White (2016) takes this even a step further and states mother and baby should stay
together even if the infant requires intensive care. There are three goals that couplet care aims

to accomplish: facilitate family bonding, support successful breastfeeding, and increase
patient satisfaction (Spradlin, 2009). This type of care is common for a traditional vaginal
birth without complications. When complications arise, infants are taken to a NICU for more
care. This separation of the mother and child means that those bonding moments that happen
immediately after birth are not happening. Couplet care gives the mother and baby the ability
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to create those bonds (Spradlin, 2009). Some hospitals that practice couplet care allow
siblings to accompany the families throughout the hospitalization stay (Brown et al., 2016),
truly instilling the concept of uniting the family within their care.
There are hospitals that have been introducing couplet care. Medical University of
South Carolina, Carroll Hospital in Maryland, and Beacon Children’s Hospital in South
Bend, Indiana, have been implementing couplet care into their neonatal intensive care units
(Barton & Tonkovich, 2018; Crowell, 2018; Lindsay, 2017; McDaniels, 2017). These spaces
will be discussed more in depth later within this research. With more interest and an
increasing number of hospitals wanting to implement this care, it makes it a critical time to
ensure that these room designs are critically analyzed and ensure they are performing at the
optimum level for mother, baby, and medical staff.
Open-Ward Room vs. Single-Patient Room
A neonatal intensive care units (NICU) has one of two different designs. Either the
open-ward room or the newer style of single-patient room. Open-ward rooms are just as they
sound, one open room with several incubators and a set of nurses who attend to those
patients. This has been the standard for NICU designs until recently, when hospitals have
begun to implement the single-patient rooms. The concept of an individual patient room for
neonatal care was first proposed in the early 1990s. At the time, they were seen by the

medical community as impractical. Now, we are witnessing hospital NICUs having most, if
not all, of their beds residing in a private room (White, 2003). The single-patient rooms were
intended to provide a more private space for families within the NICU (Denham et al., 2018).
It was additionally intended that these spaces create more individual environmental
considerations for the high-risk newborn residing inside (White, 2003). A private room can
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be tailored to the infant’s needs in regard to infection control, equipment, lighting, and noise.
However, they do not adequately meet all the needs of the families for which they are
providing care. Comfort elements such as a rocking chair and pull-out sofa have been added
to increase the comfort within these rooms. Yet these are very superficial comfort elements,
and more can be done to truly make the room function comfortably for families.
Open-Ward Room. It is very common that many levels of neonatal intensive care
are open-ward rooms, in which there are many patients inside incubators within one large
area. Configurations of these spaces vary with common designs being an open room with
multiple incubators along headwalls (open bay; Figure 1) and another being the pinwheel
design, where incubators spike off of a centralized control unit (Figure 2 and Figure 3).

Figure 1. Open bay NICU. Memorial Hospital at Gulfport. (2015). Neonatal Intensive Care
Unit. Retrieved from http://www.gulfportmemorial.com/neonatal-intensive-care-unit-nicu

Figure 2. University health system pinwheel NICU. WestEnd Design Group, (n.d.).
Neonatal Intensive Care Unit. Retrieved from http://www.westeastdesign.com/neonatalintensive-care-unit
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Figure 3. Pinwheel NICU design. Sherman, J. (2014). Mardelle Shelpley and
Brainstorming. Retrieved from http://www.redesignhealthcare.org/2014/10/16/mardelleshepley-and-brainstorming/

The open-ward room design has little or no privacy. This can make being in the space
intimidating for parents. The parents may also be subjected to trauma based on what is
happening with another family within the unit (Robson et al., 2016). Constant movement,
noises, and communication can be distracting to parents but also be disruptive to the infants.
These spaces lack proper ventilation and are noisy and typically overcrowded (Nichols,
2014). With infants being strongly susceptible to sensory stimuli, it can cause chronic stress,
sleep deprivation and other ailments (Dunn, MacMillian-York, & Robson, 2016). Bonding
can also be interrupted within an open-bay design which creates a lack of intimacy among
mother and baby and continuous interruption by alarms and visitors of other patients that
surround them (Medina et al., 2018).
Open bay NICUs typically allow for 24-7 access to mothers (Williams et al.., 2018).
However, they are not built for a mother to sleep. Kangaroo chairs may be available, limited,
or not even exist. This design does not promote skin-to-skin contact. It also is not designed
for continuous parent presence (Gulla et al., 2017). Mother recovers in the maternity ward,
while baby recovers in the NICU. The distance between the two could be down a hallway,
different ends of the hospital, or even different hospitals all together. Poorly designed NICU
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spaces do not only affect the patients and families, but they also inhibit the ability of the staff
to complete tasks and facilitate family-centered care (Nichols, 2014). Benefits to an openward rooms are that caregivers are able to see all patients and are able to respond to lights
and alarms quickly; plus, caregivers have the ability to communicate with other staff
members with ease when additional assistance is needed (McGrath, 2005).
Single-patient room. Hospitals are now adopting a single-patient room approach to
increase privacy for families and encourage family-centered care (Denham et al., 2018).
There are many benefits to having a private room. Such benefits include, more focus on
breastfeeding, skin-to-skin contact (kangaroo care), increased infection reduction practices,
and ability for more family involvement (Cone, 2010). Single-patient rooms give more
control to the families over the environment and feel less like guests (Umberger et al., 2018).
Research has shown that these rooms lower cases of sepsis, reduce supplemental
oxygen, decrease length of stay, decrease noise, and have more ability for parents to relax
and rest, which results in increased satisfaction (Pineda et al., 2012). The study by Pineda et.
al. (2012) shows that the mean length of stay for infants was shorter and the number of
oxygen hours was decreased in the single-patient room compared to the open-ward room.
They also found that the number of visitation hours per week was higher for private rooms in
addition to higher rates of breastfeeding at the time of discharge (Pineda et al., 2012).

A study by Domanico, Davis, Coleman, & Davis (2011) compares air quality, noise
levels, and light levels between an open-bay NICU and a single-family room. Particles within
the air were dramatically higher within the open-ward room, specifically near the entrance,
and tapered off further into the ward. Particles within the single-family room were low and
consistent throughout the space. Similarly, CO2 levels followed the same patterns. Humidity
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was also drastically different between the two spaces with the single-family room being
higher. This report additionally showed that noise levels were higher and varied throughout
the open-ward room, with noise-level being lower and more consistent inside the singlefamily room. Light levels differed as open-ward rooms had more artificial lighting and
single-family rooms were exposed to higher amounts of natural light. The results of this
study also showed that cases of sepsis were half that of the open-ward rooms. To summarize,
single-family rooms in this study were found to be more hygienic, have controllable natural
lighting, better air quality, and were quieter (Domanico et al., 2011).
Privacy is one of the benefits of a single-patient room. With the Health Insurance
Portability and Accountability Act having a rule with speech privacy, it required hospital
designs to account for both acoustical and speech privacy (McGrath, 2005). Families have
reported that there was better communication with care providers and that providers spent
more time and were more thorough when answering questions as well as showed more
compassion in these spaces (McGrath, 2005). The families within a single-patient room can
create more intimacy with the child, which in turn increases the parent’s presence and
participation (Kuhn et al., 2016). Parents can also personalize the space and make it feel
more like home (Altimier & Phillips, 2016).
Even though there are many positives for the single-family rooms, these

environments still lack the design properties that facilitate family bonding within these
spaces, which is the sole intention of these specialized rooms. There is a need for these
spaces to be further explored for their current inadequacies and have those inadequacies
addressed with new design components.
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Levels of Neonatal Care
Neonatal care units are broken down into four levels. Each level providing more
medical intervention to the infants, who are in their care. Table 1 shows the American
Association of Pediatrics table that provides the capabilities of each level within the neonate
care.
Table 1
Levels of NICU

American Academy of Pediatrics. (2004, November 4). Levels of neonatal care. Pediatrics, 114 (5),
1341-1347. doi:10.1542/peds.2004-1697
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Level 1: Well care nursery. This level provides post-delivery support to the infant.
This includes evaluation, resuscitation, and stabilization for both infants who are physically
stable and those in need of higher-level care as they await transport (American Academy of
Pediatrics [AAP], 2014).
Level 2: Special care nursery. This level of care provides all the Level 1 needs;
here, infants are placed into an incubator and begin receiving care. Level 2 attends to infants
older than 32 weeks gestation who need short-term care and may be moderately ill. The
special care nursery will provide stabilization for an infant interim to transport to a higher
level of care. The level 2 care nursery must provide services such as x-rays, blood gas
analysis, intravenous medications, feeding tubes (either nasogastric, through the nose, or
orogastric, through the mouth), and respiratory assistance through a nasal cannula or
continuous positive airway pressure (CPAP). It shall also provide care for those infants
recovering from illness or minor surgeries. Infants within this nursery can be treated for such
ailments as infections, low blood oxygen levels, or jaundice. A specialized staff attends to
these nurseries, and the team is comprised of specialized nurses, pediatricians, and
respiratory therapists and may also include a neonatologist (AAP, 2014).
Level 3: Neonatal intensive care. This level provides all the same care available in
Levels 1 and 2. An infant brought into Level 3 care has been evaluated and attended to under

either a Level 1 or 2 care first and has been referred to a more intensive level of care. Patients
in need of this level care can be of any gestational age, less than or greater than 32 weeks.
Infants within these nurseries may anticipate having short- or long-term stays. These patients
require consistent, close, specialized physiological monitoring. NICUs provide a range of
services compatible with the hospital’s capabilities. NICUs can be found in large hospitals as
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they are equipped with advanced technology and have the ability to perform major surgeries,
if needed. NICUs are comprised of a range of staff that includes various subspecialties.
Neonatal nurses, neonatologists, and respiratory therapist are continuously available.
Specialty personnel such as pediatric surgeons; pediatric anesthesiologists; pediatric
cardiologist; and pediatric ear, nose and throat (ENT) doctors additionally are available.
Services a NICU provides include life support, post-care from operations or serious illnesses,
or specialized imaging such as MRI or echocardiography. These nurseries are also equipped
to provide advanced respiratory support through continuous positive airway pressure
(CPAP), a mechanical ventilator or high-frequency ventilator. Additional services that a
NICU can provide include lactation consulting, a nutritionist, and social workers (AAP,
2014).
Level 4: Regional neonatal intensive care. This level provides all of the same care
as in all of the three previous levels. A regional NICU must have the capabilities to attend to
a critically ill infant and be able to perform major surgeries for serious conditions such as
congenital abnormalities. A Level 4 NICU may not be a dedicated neonatal unit but instead
reside within a pediatric intensive care unit (PICU). That unit will have abilities and staff
capable to care for all ages of pediatrics including neonates (AAP, 2014).
NICU-U.S. Vs Finland

A study conducted by Holdren et al. (2019) compared a U.S. open-bay NICU and a
Finnish single-family room unit. Each are the two most common types of units in their own
countries. There were seven categories in which had notable differences. These are family
visiting, sleeping arrangements, bathroom arrangements, kitchen access, laundry access,
common areas, and pumping and milk storage. Family visiting differed with the Finnish unit
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allowing siblings and other family members, besides parents, to stay bedside and even
overnight, while the U.S. unit only allowed parents to stay the night. Furthermore, the U.S.
sleeping arrangements offered a bedside recliner with limited access to sleeping rooms. The
Finnish unit had one or two hospital beds within the infants’ room as well as sleeping rooms
available within the hospital. Half of the Finnish rooms had private bathrooms with showers
attached. The other half having access to a bathroom just down the hall. The U.S. unit had no
private bathrooms nor were there any showers within the unit. However, access to showers
were provided within separate places within the hospital for parents who stayed overnight.
Laundry machines were available inside the Finnish unit and were not within the U.S. unit.
Kitchen and the common areas also saw noticeable differences. A kitchenette with couches
and dining tables were available for parents in the U.S. unit. On the other hand, the Finnish
unit had a full kitchen shared by parents where they could cook and store their own food.
There were two common areas, one set up like a living room and then another set up as a
dining room. Lastly, is the difference between milk pumping and storage. With the Finnish
unit being a single-family room, mothers were able to pump bedside with a closed door and
store milk in a fridge within the room. While the U.S. unit’s mothers could also pump
bedside or inside a pumping room for privacy, they stored milk in a nurse managed kitchen
(Holdren et al., 2019).

The future of NICU rooms in the U.S. should emulate the Finnish unit and its ability
to provide a private family-oriented room with also having household amenities accessible.
The addition of private bathrooms, laundry, and beds is a significant step to make the
environment feel more comfortable and functional for the families. This will give them the
ability to stay longer with their child within the unit.
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NICU Recommendations & Guidelines
In 2013, a group of professionals and professors in the medical field along with
interior architects came together to create the eighth edition of Recommended Standards for
Newborn ICU Design (White, Smith, & Shepley, 2013). This had never been done before and
revolutionized the design of neonatal intensive care units, creating a foundation for design
determining what these spaces should include. Several of the topics of their standards are
those that should be taken into consideration as they are relevant to this research. These
standards touch upon delivery rooms, NICUs as a whole, and single-patient rooms within the
NICUs, all of which should be implemented into a combined maternity and neonatal care
room, which is what this research is intended to do.
Spatial Layout.
Infant. According to White et al. (2013), rooms in which the mother can be
delivering the child must include a designated infant space. This space will have many
purposes but will be a bubble around the baby that other furniture and equipment do not stay
inside. Furniture could be moved close to the incubator, but nothing permanent. These
recommendations suggest 40 square feet that is dedicated for this purpose. After the child is
born, it will be moved from the mother to this area. Nurses and doctors will attend to the
child, checking for vital functions and a quick clean-up. The staff also determines if the child

is stable or in need of medical intervention for basic functioning, such as breathing. With the
need for one or more people to be attending to the child, there is a need to have a barrier-free
space around the incubator to perform this medical care (White et al., 2013).
Private rooms are truly the wave of the future. This is the design that is being used
more and more frequently, especially in newly built hospitals. These rooms offer a lot more
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to both the patients and their families. In Standard 6 of the guidelines (White, 2013), it breaks
out what is needed for both staff and families. The room shall be no smaller than 165 square
feet. Families are given a place to sleep for one person, a reclining chair in which skin-toskin care can occur, desk space, four outlets, and six cubic feet of storage. Additionally,
rockers, gliders, and guest chairs should be provided (Saucier, 2010). In Standard 3, an area
that provides lockable storage at the entry point is recommended (White et al., 2013). For a
single-patient room, this storage should reside within the room itself. All of which are crucial
to ensure that parents are able to spend more time within these rooms with their infants.
Thirty square feet of the floor area is to be dedicated for medical equipment that the infant
may need.
Family. Family often spends many hours or even days at a time within the NICU.
Having space dedicated for their needs is essential. In Standard 16, White et al. (2013)
discusses space be made available within the NICU for family support. This includes a
family lounge, education center, telephones, and consultation room (White et al., 2013).
Within a single-patient room, none of these items are required, but they should be available
within the unit. Comfortable and moveable seating are suggested for the family lounge, but it
should be included inside the patient rooms as well. An area within the single-family room
should be designated for working, meeting, and relaxing (Kuhn et al., 2016).

Staff. Rooms in the NICU are typically designed for the staff who are working in
them. These rooms require a variety of spaces to complete tasks. Standard 11 addresses an
area that is bedside for staff charting, along with a separate space for more detail work
(White et al., 2013). Storage for staff is addressed by in Standard 12, which indicates that
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holding areas for supplies used frequently and soiled holding shall be provided. A collection
area for recyclables should also be designated.
Lighting. Lighting within the NICU space should be addressed in three categories
coinciding with the occupants, infants, families, and staff. It is imperative that lighting within
the rooms accommodate the clinical needs of the staff to perform tasks and procedures, be
sensitive to the developmental needs and physical effects of light on the infants, and still feel
comfortable and non-institutional to families. It should be able to be changed quickly and be
reliable, maintenance free, and quiet (Rizzo & White, 2010). Lighting needs to serve many
purposes and functions, such as ambient, task, and aesthetics. Currently, the recommendation
for hospital lighting is 1,000 lux. However, it has been discussed that daytime lighting can
reside between 300 and500 lux and provide sufficient lighting for staff to complete their
tasks (Rizzo & White, 2010). Light levels can reside as low as 10 lux during the night.
Keeping the lights dim can reduce alertness and increase sleepiness, which can benefit both
infant and family (Rea & Figueiro, 2016).
There are three factors that need to be considered with all lighting chosen for a NICU:
visual performance, color, and glare. Visual performance is the accuracy and speed in which
your eye is able to process information. Higher lux levels of light provide higher visual
performance. It can allow the eyes to see smaller items and those that have less contrast (Rea

& Figueiro, 2016; Rizzo & White, 2010). This is why high levels, 1,000 lux, are preferred for
hospital settings. Color temperature of lighting is also crucial in a hospital setting, as color
can provide a multitude of information of the onset or offset of different ailments.
Temperatures for LED’s range from 2,700 (warm white) to 6,500 (cool white), with 5,000
being a neutral. Lastly, there is glare, which comes in three different types. They consist of
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disability glare, discomfort glare, and reflected glare. Discomfort glare can cause pain and
headaches. Mother and infants that may be laying are more prone to this type of glare. This
can be avoided by using indirect lighting. Reflected glare is another that is important to
address within a NICU. Eliminating shiny surfaces, using blinds on windows, and utilizing
diffused reflectance screens all can reduce reflectance glare (Rea & Figueiro, 2016; Rizzo &
White, 2010).
Daylight. Daylighting is the preferred method for illumination within design overall.
In hospitals, daylight can be both a positive and a negative. Daylighting can have a positive
emotional effect on all room inhabitants, which, in an intensive care scenario, it is immensely
valuable. Daylight can also be harsh and unpredictable. Blinds and drapery are needed to
allow for daylight to be adjusted to accommodate the light levels needed to complete
different activities. Daylight should also be able to be completely blacked out, and the room
be able to be made dark for sleeping during daytime hours (Rea & Figuerio, 2016).
Infant. According to Standard 22, White et al. (2013) recommends that the lighting
levels surrounding the child be adjustable between 10 and 600 lux. They should all have a
neutral finish to ensure accurate color renderings. Color rendering is important within the
NICU for such conditions such as jaundice. An accurate diagnosis may not be able to be
made without correct color rendering in which lighting can affect.

Family. The family’s space within these rooms are limited. Their needs currently are
only addressed by Rizzo and White (2010) in regard to avoiding discomfort glare and having
a comfortable feel. Moving forward, as families become more of a resident within the space,
their needs will have to be considered as well. Lighting will need to be implemented that will
address daily activities such as self-care, reading, eating, and working.
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Staff. In Standard 23, White et al. (2013) states that task lighting for procedures
should be provided at bedside for each incubator. These task lights should provide 2,000 lux
and should be adjustable. The direct lighting provided for staff should not extend past the
illumination area. Additionally, Standard 24 suggests separate lighting should be provided
for charting areas, medication preparation, and hand-washing stations. They should be
independently controlled, and the light path shall not be able to reach the infant’s eyes. It also
states that they shall conform to Illumination Engineering Society (IES) specifications.
Noise. According to Standard 27, sound levels must not exceed 45 dB in areas where
the infant or adults sleep. In family areas, sound levels should not exceed 50 dB (White et al.,
2013). Surface materials that absorb sound should be used throughout the room; through
wall, ceiling and flooring materials. Noise levels will inherently be reduced in a singlepatient room setup verse an open-ward room. As stated previously, when sound levels are
high it can affect the infant physiologically. It can increase their heart rate, respiration rate,
and blood pressure and decrease oxygen saturation.
Technology. Technology within medical care is constantly and rapidly evolving. For
the NICU, there are technologies available that make significant changes to the way families
are able to interact with their infant. A technology that is readily available to anyone with a
smartphone is video calls. Mothers have reported extreme anxiety when their infant is being

transported to a different hospital for neonatal care (Rhine, 2016). The use of a smartphone
or tablet and a video call can connect mother and baby. This keeps the mother fully informed
of what is going on in real time.
Parents and families can meet dozens of healthcare workers during their stay. To
make parents feel more comfortable and understand who they are meeting, digital signage

DESIGN UNITING MATERNITY & NEONATAL INTENSIVE CARE

46

that portrays the images and names of staff members should be used within the room. It can
change as shifts change (Robson et al., 2016). This is an innovation in technology and
hospital protocol that can revolutionize comfortability with staff.
Additional technology can be added to, or around, the incubator. This would be video
cameras and speakers. Together it allows for two-way communication with baby. A camera
within the incubator allows families to keep a watchful eye on their infant when they are not
able to physically be next to them. Mothers and fathers can utilize this technology to see their
child from wherever they are. Speakers give the infant the opportunity to hear their family’s
voices, even when not in the room. This gives the infant opportunity for stimulation and
connection, even when distance keeps them apart (Rhine, 2016).
Medical equipment continues to make changes with remarkable improvements.
Innovations to standard equipment make interactions with a NICU infant easier than ever.
EKG leads and oxygen saturation leads no longer require countless wires with the use of
wireless technology. By removing these cables, transporting the infant from the incubator to
their mother can be seamless and less cumbersome. Wireless technology can also be used for
sensors of IV pumps, ventilator, and other medical equipment. They can provide information
directly to the patient’s electronic report and decrease manual entry and charting for staff, as
well as increase accuracy (Rhine, 2016).

For Standard 9, it breaks down what is medically needed for infants within the room
(White et al., 2013). The headwall of the room is where we see these hook-ups to be present.
This recommends a variety of gas plugins for pressurized air, oxygen, and vacuum. An
extensive number of outlets are required in order to handle any and all additional devices that
the child and its incubator may need at any one time (Saucier, 2010; White et al., 2013).
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Infection control. Controlling of sanitation is incredibly important when dealing with
infants, especially with infants within the NICU who are more fragile. In Standard 11, White
et al. (2013) state that the hand-washing station shall be no further than 20 feet from the
incubator but no closer than 3 feet. Programming a space with this requirement will begin to
help shape the overall room configuration as these areas are quite small. Hand-washing
stations should also be “hands-free” according to Standard 7 (White et al., 2013).
Atmospheric conditions. Standard 10 addresses temperature and humidity. These are
also a concern and need to be kept at specific levels in which this section addresses by giving
a range to follow. Room temperature must be between 72 °F to 78 °F, with a 30-60%
humidity and with six air changes per hour required with two air changes being outside air.
These need to be considered when making any design suggestions or changes as these are
what is medically necessary for the infant. (White et al., 2013)
Amenities. Laundry facilities for infants’ belongings are suggested in Standard 12. A
commercial grade dishwasher is to be available for toys, in addition to a commercial grade
washer and dryer for cloth items. The dryer must vent to the outside. Infant clothing and toys
should be washed on a regular schedule. Having these facilities available to families
promotes infection control as well (White et al., 2013).
A space that is dedicated to the preparation and storage of formula and breast milk
should be provided in each single-patient room. In Standard 14, White et al. (2013) states a
refrigerator and freezer should be available to store breast milk and storage space allocated
for formula and feeding supplies.
Having a toilet room close to the neonate’s room is a necessity for a mother
recovering from birth. When recovering from a birth, walking can be difficult, along with
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everything happening to the body as it recovers (Williams et al., 2018). There should be a
toilet room adjacent to the neonate’s room, preferably a private toilet within the space. In
Standard 17, White et al. (2013) encourages a private toilet within a family-infant private
room. This will also reduce the stress of trying to find a toilet room, not knowing if it is being
used at that time. It adds a convenience factor for any visitors to the infant’s room.
These recommendations are the basis for the design of the space, and this research
will take it a step further to improve upon these recommendations to increase family
satisfaction.
Labor and Delivery Room Recommendations and Guidelines
The labor and delivery rooms will need to be equipped for all the mother’s
postpartum maternity care. Since these are hospital rooms, many standard features are
included with additional elements to manage needs during and post birth.
Hospital patient room requirements. The Facility Guidelines Institute (FGI, 2018)
created the Guidelines for Design and Construction of Hospitals, in which they set a standard
for the design of hospital rooms, including obstetrics units. The state of Michigan has yet to
adapt these for itself but do follow their own set of guidelines that were based upon the
FGI’s. According to the Minimum Design Standards for Healthcare Facilities in Michigan,
each patient room used for childbirth within the hospital is required to have a private
bathroom along with a window and three feet of clearance around the patient bed (Michigan
Department of Community Health [MDCH], 2010). Those are the only requirements. Other
items that may be placed in the room are chosen for the comfort, convenience and
satisfaction of the patients and staff. The FGI guidelines are much more specific in what they
suggest.
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Space. The FGI guidelines states that the postpartum room shall have a minimum of
325 square feet of clear floor area with clearances around the patient’s bed shall be 36” on
the far side, 48” on the transfer side, and 36” at the foot of the bed. Thirty-six inches shall be
provided as clearance in front of all furniture such as a patient chair, recliner or sofa (FGI,
2018). Included in the square footage is 40 square feet dedicated for infant spaces including
stabilization and resuscitation.
Furniture. A reclining chair shall be provided for a support person and additional
space to accommodate them. When a family-centered approach is being implemented, the
room shall include space for family visitation. This includes moveable seating for one guest
and one for the patient, at least one chair for long term sitting, and a horizontal sleeping
surface for a support person. Access to food 24-7 and/or access to useable refrigerators space
and microwave should be provided (FGI, 2018).
Bathroom. A toilet room shall be provided and include toilet, hand-washing station,
and a rinsing device for bed pans. Patient storage shall be provided in the form of a
wardrobe, locker, or closet. Specifically, for postpartum rooms, the guidelines state a shower,
or tub shall also be included (FGI, 2018).
Privacy. Visual and speech privacy shall be achieved in every room. Visual privacy
can be achieved through blinds, cubical curtains, and electronically controlled vision panels

(FGI, 2018). Speech privacy shall be achieved through various sound masking techniques
and architecture materials.
Sanitation. Hand-washing stations shall be provided within every room and be
adjacent to the room entry (FGI, 2018). For sanitation and infection control, a pass-through
wall should be provided for trashed and soiled linens. It allows for housekeeping services to
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collect them without entering the patients room and disrupting the family (Barton & White,
2016). Finishes throughout shall be able to withstand cleaning with heavy detergents (FGI,
2018).
Equipment. According to the FGI (2018) guidelines, at least one television should be
within the room and oriented so all seating areas are able to view it. At the head of the
patient’s bed is a headwall that will connect medical equipment to outlets, and medical
gasses (White, 2016). Oxygen, vacuum, medical air, and instrument air shall be included and
accessible from the patient bed and infant resuscitation space (FGI, 2018).
Lighting. While a window is not required in a NICU room, it is required in a singlepatient hospital room (FGI, 2018). Task lighting shall be provided and easily accessible.
All of these categories shall be addressed when creating a space that includes
postpartum care for mothers.
Mother and Baby Suites
Suites that are intended for both mother and baby will need to function in many
different ways over the course of the hospital stay. They may be able to function as a labor
room, possibly even be equipped to deliver within as well. Then they shall become the
recovery room for the mother and baby postpartum. They must accommodate intensive care
needs for both the mother and infant, in addition to providing a home-like atmosphere for the

family, once the mother is discharged and the child is not. After the mother’s discharge, her
availability to visit and spend time with the infant may be limited or restricted. Families may
be able to spend daytime hours within the room while returning home at night. They may be
unavailable during the day, possibly for work, and return in the evenings and stay overnight.
On weekdays, families may be unable to visit or with limited hours, followed by spending

DESIGN UNITING MATERNITY & NEONATAL INTENSIVE CARE

51

the weekends at the hospital (White, 2016). No matter what the occupancy for the families
will be in the room, the space will need to accommodate all of their needs. When combining
the mother space and the infant space into one room, including code required clearances, the
room will increase in size to 430 square feet (Altimier et al., 2016).
Within a NICU, a window is not required in every room. However, in a hospital
patient room a window is required (FGI, 2018). Having a window is beneficial to help
maintain the circadian rhythm as well as giving a sense of normalcy (Altimier et al., 2016
Yale New Haven Children’s Hospital
In Connecticut, the Yale New Haven Children’s Hospital created a couplet-care room
inside of its neonatal intensive care unit. This room is inside of the children’s hospital
specifically and allows the mother and child to be cared for at the same time, as one unit.
This is the first of its kind, keeping mother and baby together postpartum when the newborn
needs intensive care (Yale, 2019). This children’s hospital utilized an advanced technology
system that sends data and alarms that are captured within the incubator to the neonatal
staffs’ smart phones. Staff can then respond accordingly and immediately. Within the NICU
unit there is a milk room along with laundry facilities for family members to use (Yale,
2019).
This room design has many positives. There is a reclining chair, privacy curtain

around the gurney, an in-room bathroom, and personal storage. In addition, a table with two
chairs is near the window. It appears that the setup of that space is convertible. The seating
space may move together to become a bed. Figure 4 displays mother and baby in the same
room but on opposite sides of the room which restricts interaction. Additionally, there is no
seating around the incubator, nor a TV for the occupants. It is assumed that the reclining
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chair is moved bedside to the infant when necessary and returned near the window when not
in use. There is also an excess of space. The design could be reconfigured to optimize the use
for families and staff.

Figure 4. Yale New Haven Children’s Hospital-Couplet care room. Yale New Haven
Children’s Hospital (2019). Neonatal Intensive Care Unit. Retrieved from

https://www.ynhh.org/childrens-hospital/services/neonatal-care/nicu.aspx
Medical University of South Carolina
The Medical University of South Carolina began construction on the Shawn Jenkins
Children’s Hospital in 2016. Within this new hospital will be dedicated couplet-care rooms.
Seven of the 82 NICU beds will be available for this care (Crowell, 2018). This new
children’s hospital will have a labor and delivery center in which a mother and baby can be
transferred to a different floor within the hospital for more intensive care when it is required.
No hospital transfer will be needed. From the rendering that was created to depict this room
design (Figure 5), it shows that there may be a table and chair set for the family to use. They
also show the mother and baby on the same headwall, but they are distant and have a curtain
that can be pulled between them. A chair was placed next to the incubator. Following in the
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same lines of the designs we have seen from other hospitals offering couplet care. As of
January 2020, the hospital was still under construction.

Figure 5. Rendering of new couplet care room within Shawn Jenkins Children’s Hospital.
Crowell, A. (2018). New NICU to offer couplet care to keep families together from birth.

Retrieved from https://musckids.org/ways-to-help/giving/stories/2018/03/nicu-couplet-care
Carroll Hospital in Maryland
The Carroll Hospital created a room design that they refer to as “neonatal couplet
care” (Ridley, n.d.). These suites offer a separate room attached that contains a living area
with sleeper sofa (see Figures 6 and 7). This is unique as no other couplet-care rooms
researched have this. It gives the opportunity for separation from mother and baby when
needed. This space can also be used for activities such as watching tv, taking phone calls, or
working, allowing for the occupants of the main room not to be disturbed. This room can also
be used to meet with doctors and nurses to discuss care privately. This couplet-care room
offers a recliner for kangaroo care, a breast milk refrigerator, and built in storage. The
incubator is also located closer to the mother’s gurney. This may give the mother the
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opportunity to interact with the infant while staying in bed. The image, however, does not
depict a headwall for the infant, it is unsure where the permanent location for the incubator
would be when in use. Within the neonatal unit in Carroll Hospital are laundry facilities and
a separate family lounge that includes a kitchen and dining space (Ridley, n.d.).

Figure 6. Capital Women’s Care neonatal couplet care. Capital Women’s Care – Westminster.
(2019, March, 20). Celebrating the addition of the new neonatal family centered couplet care
program at Carroll Hospital Center’s family birth place. A true asset to our community!

[Facebook Post]. Retrieved from https://www.facebook.com/CapitalWomensCareWestminster
/posts/2152048568210803?comment_id=2153382541410739&comment_tracking=%7B%22tn
%22%3A%22R%22%7D
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Figure 7. Capital Women’s Care neonatal couplet care living room. Capital Women’s Care –
Westminster. (2019, March, 20). Celebrating the addition of the new neonatal family centered

couplet care program at Carroll Hospital Center’s family birth place. A true asset to our
community! [Facebook Post]. Retrieved from https://www.facebook.com/CapitalWomensCare
Westminster/posts/2152048568210803?comment_id=2153382541410739&comment_tracking=
%7B%22tn%22%3A%22R%22%7D

Beacon Children’s Hospital in South Bend, Indiana

The children’s hospital in Indiana brought the couplet-care experience to its neonatal
care in its new hospital through its extended family room. A window is in every room which
overlooks an atrium. There are no lights over the babies’ beds, and colored LED lights wash
the footwall. The color of the lights can be changed at any time giving personalization to the
room. A private toilet room is included behind a sliding frosted glass door. Kangaroo-care
chairs are available next to the incubator (Barton & White, 2016). From the rendering created
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of the room (Figure 8), it is shown that there is a folding chair in which a family member is
using. An area for seating should be provided that is separate from the sleeper sofa. This
rendering also shows that the kangaroo chair is placed between the patient bed and incubator.
There would be no way to interact with the child from the bed. There is additional
improvement that can be made within this room design to allow it to function at a higher
level for the family.

Figure 8. Beacon Children’s Hospital couplet care NICU, Rendering. ZGF Architects LLP (n.d.).
Beacon Health System. Retrieved from https://www.zgf.com/project/beacon-health-system-beaconchildrens-hospital-expansion
Figure 9 is the floor plan for the Beacon Children’s Hospital Extended family room.
Numbers were assigned to different areas that can be improved upon including resolution
suggestions.
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Figure 9. Floor plan of Beacon Children’s Hospital Extended family room. Barton, S.A, &
White, R. D. (2016). Advancing NICU Care with a New Multi-purpose Room Concept.
Newborn & Infant Nursing Review, 16(4), 222-224. doi:10.1053/j.nainr.2016.09.010

Table 2
Floor plan improvements table
Item
Number
1

Problem

Solution

Nurse only counter space

Include dedicated desk space for families

2

Kangaroo Chair separating infant and
mother

5

Create designated space for Kangaroo chair to stay that is out of
the way of clearances around incubator and doesn’t interfere
with the space between mother and baby.
Large distance between mother and
Possibility to move incubator along head wall to be closer to
baby
mother at times and further when full clearance is needed for
medical procedures.
Inadequate storage for mother, baby and Increase storage within the unit to accommodate all family
families
members
Only sofa available
Sleeper sofa should replace sofa, and include side tables

6

Toilet room only, no shower

Add shower

7

Add additional room amenities

Include a dining space, refrigerator for patient food, and lounge
area.

3
4
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Conclusion
From the literature review, the below elements are those that should be incorporated
as part of the recommendations or considered to be incorporated into the design combined
neonatal care and maternity room:
•

desk or workstation for families;

•

eating area;

•

private bathroom;

•

light controlling window treatments;

•

daylight;

•

privacy curtains between patient bed and main room door;

•

electronic signage that shows team members names and photo that will be attending
patients;

•

onsite or in-room laundry;

•

entertainment including televisions, Wi-fi, incubator cameras;

•

electronic patient charting for parents (supplying a tablet, computer, or patient portal);

•

personal refrigerator/small kitchen appliances;

•

milk refrigerator/freezer;

•

sleeping arrangements for at least one person;

•

minimum of four outlets for family use;

•

various lighting, task, ambient, and procedure with dimming;

•

hand-washing sink between 3 and 20 feet from incubator; and

•

6+ cubic square feet of lockable storage for families.
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A common theme that was identified with the evaluation of the three different
existing couplet-care suites is that the incubators are unable to be located beside with the
mother. This is critical in maximizing the mother’s involvement. A moveable headwall may
need to be considered, and invented, as a new innovation for incubators. Having the ability to
move the incubator closer to the mother will allow mother and baby to stay together
continuously. The incubator can slide away from the mother if medically necessary for a
procedure in which the incubator would be surrounded by medical staff. With the child being
next to the mother in a semi-permanent position, the infant can be held, breastfed, and given
constant nurturing as it stabilizes and recovers.
This literature review provided a plethora of information on existing NICU, couplet
care, and rooms that are in existence to bring the mother and infant together. Using this
knowledge, a sample of mothers can be questioned to discover what the end user’s needs and
wants are for these spaces.
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Chapter 3: Methodology
Study Type
A mixed-method human subjects’ study was completed. A survey was developed that
aimed to discover key elements regarding the room design of neonatal care units. It targeted
the personal experience of the mothers who spent time within these spaces following the
birth of a child who required specialized care. It was created to develop common room
components that directly affected the experience the family had during their stay. A mixedmethod study was conducted via Qualtrics. The survey explored the design elements that
assisted and hindered these parents from caring for the child.
Population/Sample
Qualified participants for the survey were mothers who gave birth to single or
multiple newborns who needed neonatal care. A time limit was placed to births only
occurring between 1980 and 2020. Each mother was able to complete the survey for
different births in which neonatal care took place. Fathers were excluded from this survey but
may be include in future research. Also excluded were mothers of at-birth adoptions and
surrogate births, as their scenarios do not apply to this research.
Process of Obtaining Sample
The sample for this study was obtained through Facebook, a web-based social media

platform, and personal connections to the researcher. A Facebook post was shared on the
researcher’s personal page. This post summarized the researchers personal experience with
the NICU and asked if participants who also had NICU experiences would go to the provided
link and complete the questionnaire. This post was shared to several Facebook groups that
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were targeted toward mothers and specifically mothers of NICU babies. The post was also
shared by several of the researcher’s personal contacts to their own Facebook page.
Data Collection Process
The Qualtrics survey performed required consent to be given prior to filling out the
questionnaire (see Appendix A). Questions were categorized into three types: background,
logistics, and experiences. Survey questions are located within Appendix B. Questions
addressed inside the background section included the year of birth of the child, type of
delivery, and length of stay for mother and child. Logistic questions were directed toward
understanding the conditions of the spaces occupied by the participants. These questions
were broken down into specific categories to explore the details of the neonatal care rooms.
A set of questions was developed to identify what level of neonatal care each child received
and what style of room was used. Then questions broke down the details of the room into
further categories: comfort, function, accessibility, and privacy. Experience questions
inquired about the specifics of the personal experience of the patient, addressing each
mother’s individual journey having a child within neonatal care. The intention was
understanding how their specific circumstances were affected by the space in which they
were admitted. The final question of the survey asked patients to add any additional
information that they felt would aid in this research. The questions were submitted to the

institutional review board for human subjects research and was approved (see Appendix C).
Data Analysis Process
Each question was examined individually to determine the overall result from all the
answers received. Data were exported into spreadsheet software to be organized and color
coded so different answers would be cross analyzed. Data from different birth years were

DESIGN UNITING MATERNITY & NEONATAL INTENSIVE CARE

62

examined for changes over time. Open-ward and single-patient rooms were compared in all
categories. Levels of NICUs were additionally examined for important differences. Results
were charted and reported. Open-ended, qualitative answers were reviewed for any
information that was given that is of relevance to the research. Common themes were
reported. The open-ended qualitative question was not required, and not all participants
completed it.
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Chapter 4: Results and Discussion
The survey link was available for two weeks from January 13 to January 27, 2020.
Ninety questionnaires were completed. None of the questions were required to be answered
in order to move onto the next. Some participants did not complete every question, leaving
various number of completed answers for each question.
Data Analysis
Eighty-nine participants answered the question asking what year the child was born,
the largest number of children being born between 2015 to 2019 with 59 births. These births
were exactly split between vaginal and cesarean births. In Table 3, birth numbers were
broken down into the Level of NICU received and whether the birth was vaginal or cesarean.
Table 3 shows the NICU type of each birth style. The percentages of babies born for both
vaginal and cesarean were distributed the same among the different neonatal care level. The
largest population were admitted to a Level 3 NICU, having 38 of the 90 (42%). Eleven
participants answered they did not know what level they received.
Table 3
Vaginal vs. Cesarean Births-NICU Level Comparison
Vaginal

Percentage of total

Cesarean

Percentage of total

Totals

44

46

Hospital Transfer

12

27%

Unknown

7

16%

4

9%

Level 2

10

23%

10

22%

Level 3

18

41%

20

43%

Level 4

9

20%

12

26%

12

26%

NICU Level
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Figure 10 shows the distribution of recorded open-ward admissions and single-patient
rooms over the year of births of participants. The patients having single-patient rooms
increased as years progressed. Although open-wards have still been the dominant room style,
the open-ward rooms were the most popular overall, with 74% having experienced it.
Open Ward

Unrecorded

Single Patient

1987
1995
2002
2007
2011
2013
2015
2017
2019
0

4

8

12

16

Figure 10. Open-ward vs. single-patient room admissions comparison over birth years

In this survey, the level of NICU the child was admitted to did not show a correlation
to the style of room used. Level 3 NICUs were the most common for both open-ward and
single-patient rooms, with Level 2 being the second most common. Both the unknown and
Level 4 were equally as common with results at 12-13% (in Table 4).

Table 4
Open-Ward vs Single-Patient Room Comparison of NICU Levels
Open-Ward

Percentage of
Total
Single-Patient

Percentage of
Total

Totals births

67

23

Unknown

8

12%

3

13%

Level 2

14

21%

6

26%

Level 3

45

67%

14

61%

Level 4

8

12%

3

13%

DESIGN UNITING MATERNITY & NEONATAL INTENSIVE CARE

65

Research Question 1. The intention of this research was to answer the question: In
what ways can maternity room design be improved to enhance the experience for post-birth
families with newborns who require neonatal intensive care?
From the results of the survey, it showed that there have been very limited options for
families in all categories. Visitors, privacy, comfort, technology, views, noise, and additional
amenities all need improvements. The overall experience of families demonstrated the
opportunity can be greatly enriched.
Visitors. All participants were able to have both parents visit the infant and 90% were
allowed to have grandparents visit, while only one third were allowed to have siblings visit
(in Table 5). In order to unite families, hospitals will need to allow all healthy family
members to visit. This can be changed through procedures. The design of the NICU will need
to accommodate that change with additional square footage for interaction and seating while
visiting. If small children are visiting for long periods of time, staying with their parents and
new baby, it should be considered that space be functional for different types of activities for
the child.
Table 5
Visitors Allowed, Comparison of Open-Ward vs. Single-Patient Rooms
Open-Ward

Percentage of
Totals

Single-Patient

Percentage of
Total

Both Parents

67

100%

23

100%

Grandparents

59

88%

23

100%

Siblings over 18

17

25%

8

35%

Siblings under 18

17

25%

14

61%
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Privacy. Elements that provide privacy were surveyed and the results charted in Table
6. Having no privacy was only answered for open-ward rooms. Having a sliding curtain was
the most chosen for both surveys with a combined 60% of mothers surveyed had one. In
addition, 21% had a door, 18% had a privacy screen, and 18% had no privacy options at all.
Open-ward patients had privacy options that were more mobile, which is to be expected, with
54% having a sliding curtain, and 24% having a privacy screen. Single-patient rooms had
more options overall, 65% having doors, 83% having sliding curtains, and 22% having a
moveable wall. These results showed many single-patient room occupants could use multiple
privacy options at a single time and vary them per their needs.
Table 6
Privacy Options Available to Parents, Comparison of Open-Ward vs. Single-Patient Rooms
Open-Ward

Percentage of
Percentage of
Totals
Single-Patient
Totals

No privacy

15

22%

0

0%

Sliding Curtain

36

54%

19

83%

Door

3

4%

15

65%

Privacy Screen

16

24%

1

4%

Moveable Wall

5

7%

5

22%

Comfort. The type of comfort options surveyed varied from physical comfort of
chairs and sofas but included having mental comfort of a toilet in close proximity and a

secure location for their belongings with lockable storage (see Table 7 for results). The
comfort option that had the highest number of respondents reported was a rocking chair
and/or a reclining chair. The overall results for both room styles were 67% had a rocking
chair and 52% had a reclining chair. Fifteen percent had a private toilet room in room, and
18% had lockable storage available to them. Single-patient rooms overall showed many more
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comfort options available to them, some even having all or nearly all within their room, soft
seating being the most popular. Open-ward rooms also had high results of soft seating
available but were surpassed greatly by single-patient rooms.
Table 7
Comparison of Comfort Options Available in Open-Ward vs. Single-Patient Rooms and
Different Level of NICUs
OpenWard

Percentage
of Total

SinglePatient

Percentage
of Total

Unknown

Level 2

Level 3

Level 4

Rocking chair

45

67%

16

70%

6

12

24

16

Reclining chair

31

46%

16

70%

3

8

24

12

Sofa

2

3%

9

39%

2

2

3

5

Private Toilet

9

13%

5

22%

1

4

5

4

Lockable Storage

11

16%

6

26%

2

1

7

7

None

7

10%

1

4%

1

3

3

1

Across the board, nearly all respondents wanted to have all the comfort options
available to them: rocking chair, reclining chair, sofa, private toilet room, and lockable
storage (shown in Table 8). It was observed that the respondents chose comfort options that
they wanted to have based on the ones they did not have access to. Lockable storage was the
least wanted option in single-patient rooms. This may have been the result of mothers already
feeling a higher level of comfort in a single-occupancy room over a room with many other
people inside.
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Table 8
Comparison of Comfort Options Mothers Wanted in Open-Ward vs Single-Patient Rooms
and Different Level of NICUs
OpenWard

Percentage
of Total

SinglePatient

Percentage
of Total

Unknown

Level 2

Level 3

Level 4

Rocking chair

33

49%

10

43%

3

10

24

6

Reclining chair

31

46%

5

22%

5

13

16

5

Sofa

33

49%

11

48%

8

9

21

6

Private Toilet

27

40%

13

57%

3

10

18

7

Lockable Storage

27

40%

6

26%

3

7

20

4

Technology. The different types of technology that were available to mothers was
charted over the years in which the births occurred (see Figure 11). Over the years, additional
technology has advanced, and more of it was shown to be available within the newer rooms.
Wi-Fi and outlets were the most common. One fourth of respondents had a television they

could use. The most up to date technology, such as incubator video monitors, speakers, and
USB outlets, had seldom appearances. Increased options were available in single-patient
rooms over open-wards (see Figure 12). Percentages were charted in Figure 12 to show the
correct proportions. Across the board, the votes for more technology were nearly even with
the highest being incubator monitors that 54% of respondents would have liked to have.
Similar to the comfort options, participants stated they wanted technology they did not have

access to within their room. Participants most frequently wanted incubator video monitors
and USB outlets.
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Figure 11. Technology available comparison over birth years.

Percentage of Total: Open Ward

Percentage of Total: Single Patient

125%
100%
75%
50%
25%
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Figure 12. Technology available comparison of open-ward and single-patient rooms.

Lighting. Survey questions involving lighting asked participants what they had
available to them and what they would have wanted to have. Figure 13 shows the percentages
of what lighting types were available for both open-ward and single-patient rooms. Openward participants had the most responses for having none of the lighting options in the study
available to them. Single-patient rooms were equipped with a wider variety of lighting types.
They also had more choices in a single room, such as having a window, parent operable
blinds, and overhead lighting. Of the 90 participants, 31 of them reported having windows.
This was 22% of the overall surveys.

2019
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Percentage of Open Ward
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Percentage of Single Patient

90%
68%
45%
23%
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Figure 13. Percentage of rooms having different types of lighting available, comparison of
open-ward and single-patient rooms.
Both open-ward and single-patient room respondents wanted more lighting options
available to them (see Figure 14). The percentages for each category were close to equal with
open-ward mothers more frequently wanting to have bedside lighting and operable blinds.
Single-patient rooms showed higher results for wanting windows and overhead lighting.
These results differed from previous categories. It was observed participants often chose
lighting options they wanted that they also had during their stay.

60%
45%
30%
15%
0%

Percentage of Total: Open Ward

Percentage of Total: Single Patient

Figure 14. Percentage of surveys wanting different types of lighting available, comparison of
open-ward and single-patient rooms
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Natural light was questioned independently from other lighting styles. Daylighting
was available in about half of the rooms for both open-wards and single-patient rooms. Of
those who did not have daylight, nearly all of the participants said they would have wanted it.
Additional amenities. Several different amenities were chosen for examination in this
study. These included a workspace, dining area, and decorative elements such as wall art,
plants, and drapery. Only 8% of participants had access to a desk or workspace they could
use. Of those who did not, 44% said they would have wanted to have it. Food was allowed
more often in single-patient rooms. However, only half had a table and chair to sit and eat.
Wall decor was the highest seen decorative item within both room styles. Fifty percent of the
Level 2 NICUs reported had wall art, while plants and draperies were infrequent over all
levels. Further research would be necessary to inquire the risks and benefits of each in a
hospital setting before adding it to the recommendation list.
Views. The survey investigated what mothers saw from the windows of their NICU
room. As previously stated, only 22% of participants had a window. Nature views were
reported in only 18% of all surveys. Split nearly in half between open-ward rooms and
single-patient rooms; 35% of single-patient rooms had these views and only 12% of openwards. Eighty-five percent of respondents who did not have it said they would have liked to
have visual access to nature. Eleven of the 17 participants who said they had access to nature

stated their view included a city skyline; ten of those were in a Level 3 or 4 NICU and one
was unknown. Fifty-six percent of the open-wards reported having a city skyline, while 75%
reported it in a single-patient room (see Table 9). A single-patient Level 3 or 4 room was
more likely to have a view, specifically a city skyline. It is suggested that the higher levels of
NICU care may be located within larger cities, as well as single-patient rooms were being
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used equally as frequent as open-wards. Views that included trees, water or water features,
courtyards or gardens were infrequent but were reported the most in the higher level of
NICUs.
Table 9
Nature View Comparison of Open-Ward and Single-Patient rooms
Open -Ward

Percentage of
Totals

SinglePatient

Percentage of
Totals

Tree’s

2

22%

4

50%

Gardens

0

0%

1

13%

Water

0

0%

1

13%

Water Feature

0

0%

1

13%

City Skyline

5

56%

6

75%

Courtyard

1

11%

1

13%

Noise. The study asked participants to rate the noise level they experienced within
their rooms during their stay. Low noise level was the most commonly reported (see Table
10). Single-patient rooms had 78% low noise levels and none with high noise levels. Openward rooms had more variation. While low noise levels were still the most frequently
reported, moderate levels still accounted for 36% and high noise levels at 10%. Level 4
NICUs had a high ratio of moderate noise levels with 43% of the total. Level 4 infants are in
the most critical care and would potentially require the most equipment, which can contribute
to higher noise levels.
Table 10
Noise Level Comparison of Open-Ward vs. Single-Patient, and Levels of NICU
OpenWard

Percentage
of Total

SinglePatient

Percentage
of Total

Unknown

Level 2

Level 3

Level 4

Unknown

2

3%

1

4%

1

0

2

0

Low Noise

34

51%

18

78%

10

14

19

9

Moderate Noise

24

36%

4

17%

0

5

14

9

High Noise

7

10%

0

0%

0

1

4

2
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Findings. In order to give families a better experience, all categories must be
improved upon. Hospitals should allow all healthy family members to visit, and the room
design must accommodate them with flexible seating and interaction space.
Privacy options in our survey showed that sliding curtains and doors were the most
common and should be included within the design. Technology plays an important role in
how we live our lives and accessibility to technology needs to be included within patient
rooms, from basic Wi-Fi, outlets, and television to more advanced items such as incubator
video monitors, USB outlets, and Bluetooth speakers within the room. Lighting should
accommodate all different activities and be able to provide adequate illumination at any time
of the day. Daylight, blinds, overhead lighting, bedside lighting, table lights, and color
changing mood lighting should all be implemented. Additional amenities that should be
included are a desk space and a separate dining space. Daylight should be incorporated into
the overall design with views of nature whenever possible. Noise levels within single-patient
rooms were shown to be lower, and the room design should continue to promote it.
Research Question 2. How can it (the improvements) incorporate couplet-care
principles within the room design to ensure families are not separated?
The survey questioned mothers about their length of stay, their children’s length of
stay, interactions they were able to have with their infant, and their sleeping arrangements. It

needed to be understood how things have been in within these spaces order to determine how
to improve upon them. Evaluating the closeness the mother was able to have with the child
will shape how to improve to keep them together as a unit.

Mother’s length of stay. The majority of respondents had a stay between 3 and 5
days, which does align with a typical length of stay post-birth (see Table 11). Mothers who
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had a cesarean birth had a longer stay than those of vaginal births (see Figure 15). Threefourths of the mothers did not have complications postpartum that required them to have an
extended hospital stay.
Table 11
Mother’s Length of Stay Comparison of Vaginal and Cesarean Births
Vaginal

Percentage of total

Cesarean

Percentage of total

Totals

44

2 Days or less

24

55%

6

13%

3-5 Days

18

41%

34

74%

6-9 Days

1

2%

5

11%

More than 10 days

1

2%

1

2%

Vaginal

46

Cesearean

40
30
20
10
0
2 Days or less

3-5 Days

6-9 Days

More than 10
days

Figure 15. Mother’s length of stay comparison between vaginal and cesarean birth.
Infant length of stay. Included in Table 3 is the number of hospital transfers and their
birth style. Twenty-six percent of the total births recorded were transferred to another facility
from the hospital in which they were born. The length of stay of the children was evenly
distributed between all answer options: six days or less, 7-14 days, 15-30 days and, 30+ days.
Length of stay is broken down in Table 12 to compare open-ward compared to single-patient
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rooms. In addition, Table 12 shows the length of stay verses the level of NICUs. Infants in
single-patient rooms mainly had stays that were 6 days or less or were more than 30 days.
Those who had stays longer than 30 days were almost entirely in Levels 3 and 4 NICUs. This
would indicate that those infants had more serious conditions needing lengthy stays. Stays
between 7 and 30 days were more common in open-ward rooms. Those infants who received
Level 3 care and had stays between 15 to 30 days were the most common single response.
Table 12
Length of Infant’s Admission Comparison of Open-Ward vs. Single-Patient room and Level of
NICUs
Open-Ward

Percentage of
Total

SinglePatient

Percentage of
Total
Unknown

23

Level 2

Level 3

Level 4

11

20

38

21

Totals

67

6 days or less

15

22%

10

43%

5

11

6

2

7-14 days

21

31%

3

13%

4

6

9

5

15-30 days

15

22%

3

13%

1

2

12

3

30+ days

17

25%

7

30%

1

1

11

11

Infant Interactions. The survey questioned mothers on many types of interactions
they were able to have with their infants. In Table 13, the length of time after birth in which
the mother was able to hold their babies is charted. It is organized into vaginal and cesarean
births and includes Level of NICUs. Fifty-five percent of vaginal births were able to hold

their children immediately; while 54% of cesarean births waited more than 24 hours to hold
their babies. Waiting over 24 hours was also recorded the most in both Level 3 and 4 NICUs.
Higher levels of NICU care had a longer wait to hold their children in both birth types.
Children requiring a lower level of care were able to be held sooner after birth.
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More than half of the respondents answered that they were able to breastfeed, do
scheduled bottle feedings, and were able to bring personal items for their babies. The highest
number of respondents were skin-to-skin contact with 71 of 90 respondents and hold/cuddle
their babies with 81 of 90 responses. Table 14 charts the results of infant interactions. Singlepatient rooms had the highest percentage of respondents being able to complete infant
interactions. Seventy percent or more were able to breast feed, do scheduled bottle feedings,
bathe their infant, and bring items in for them from home. Ninety-six percent were able to
have skin-to- skin contact and 100% were able to hold their babies. While open-ward rooms
still had high percentages, they were lower than single-patient rooms. Level 2 NICUs had the
highest responses of being able to bathe their babies, and the lowest responses for being able
to bring personal items in for them. Level 4 NICUs had low responses for being able to
breastfeed and bathe babies. This may have been impacted by the medical care the child was
receiving at the higher level. This would include being hooked up to monitors, IVs, and
possibly having feeding tubes.
Table 13
Length of Time After Birth in Which Baby was Held Comparison of Vaginal and Cesarean Births
and Level of NICU
Vaginal

Percentage of
total

Cesarean

Percentage of
total

Unknown

Level 2

Level 3

Level 4

Totals Births

44

-

46

-

11

20

38

21

Held Immediately

24

55%

2

4%

5

10

8

3

30 min. - 1 hour

3

7%

2

13%

1

0

3

1

1-4 hours

2

5%

6

13%

0

3

4

1

4-8 hours

2

5%

3

7%

0

1

4

0

8-12 hours

0

0%

0

0%

0

0

0

0

12-24 hours

5

11%

8

17%

2

2

5

4

More than 24

8

18%

25

54%

3

4

14

12
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Table 14
Infant Interactions Comparison of Open-Ward vs. Single-Patient rooms, and Level of NICUs
Open-Ward

Percentage
of Totals

SinglePatient

Percentage
of Totals

Unknown

Level 2

Level 3

Level 4

Breast feed

39

58%

16

70%

7

14

24

10

Bottle feed

46

69%

19

83%

8

14

31

13

Skin-to-skin contact

49

73%

22

96%

9

15

32

15

Hold baby
Bring items for
baby

59

88%

23

100%

11

17

35

18

37

55%

17

74%

5

8

28

11

Bathe baby

29

43%

16

70%

6

27

18

12

Sleeping. Sleeping accommodation results are shown in Table 15. Forty-one percent
of the respondents were able to stay overnight along with their newborn in the NICU. The
ability to stay the night was drastically higher in single-patient rooms. Seventy-eight percent
of mothers in single-patient rooms could stay with their infants. Nearly all respondents with
the ability to stay the night had a sleeping chair available. Twenty-eight percent of the
mothers who could stay had a separate overnight room available to them. The majority, in
both room styles, had sleeping accommodation for only a single adult. Single-patient rooms
had a higher percentage for both a single and double occupancy.
Table 15
Sleeping Options, Comparison of Open-Ward vs. Single-Patient rooms
Open Ward

Percentage of
Total

Single Patient

Percentage of
Total

Stay overnight

20

30%

18

78%

1 adult

19

28%

15

65%

2 adults

13

19%

7

30%

Sleeping room

20

30%

7

30%
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Findings. Today’s hospitals have created the opportunity for mothers to be separated
from their infants, as shown in the above results. This means families must adjust to the
hospitals rather than the hospitals being able to adjust to the needs of the family. Open-ward
neonatal care facilities have restricted how a mother is able to care for her child and
influenced her ability to stay continuously with the child. Single-patient rooms have given
mothers the opportunity to experience moments, milestones and events that a traditional
uncomplicated birth would have.
When considering couplet care, mother and baby should be able to stay together
throughout both hospitals stays. Mothers who have had cesarean births had longer hospital
stays and had to wait longer to hold their children after birth. Having a single room in which
both the mother and baby can be treated together would unite them sooner and would
continue to help them bond. A child’s length of stay can be longer than the mother’s and the
length of stay is dependent on their level of care. A room that is equipped to provide all of
the needs described in Research Question 1 to both mother and child can bring families
together in one space. Having the mother and child together will allow for sooner skin-toskin contact, breastfeeding and nurturing. Overnight stays should be allowed for family
members. Sleeping accommodations should be available for both parents within the infant’s
room. It should also be comfortable for a parent to stay for an extended period of time.

Research Question 1 further details individual needs that the room should accommodate. A
singular room should be created that can medically treat both patients, while still providing a
home-like atmosphere and give mothers and infants the ability to have interactions they need
in consideration of health complications.
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Chapter 5: Conclusion
Measures should be taken to keep mothers and infants together within the same
hospital room following birth. Utilizing the couplet-care model, mothers and infants are no
longer separated and this allows mothers to provide the majority of the care for their newborn
on a daily basis. Couplet care has many benefits to mothers, including reducing stress and
anxiety with separation and increasing parental confidence with assuming daily care (Brown,
et al., 2016; Spradlin, 2009; White, 2016).
Through the literature review, it was identified that mothers and infants may have
already been placed in a room together with the couplet-care NICUs or extended family room
concepts that currently exist but still are separated within the room. This innovation has been
proposed and should be explored. The headwall of the incubator should be moveable. This
would allow for the incubator to be moved bedside to the mother, then moved away when
needed for medical procedures or care of the infant. This innovation would allow mothers to
stay in bed and interact with their children. Mothers could provide skin-to-skin contact
during birth recovery and once the newborn has been stabilized. Early skin-to-skin contact
and suckling has been proven to have benefits to both the mother and child, in addition to
promoting bonding (Pineda et al., 2018). Further research is necessary in order to develop
and engineer a headwall that can be moveable to perform in this way.

Keeping the mother and baby together after birth will reduce a mother’s depression,
anxiety, PTSD, and PPA surrounding the critical care of the infant. It can increase milk
production, decrease pain levels, and improve blood pressure and heart rate (Holden et al.,
2019; Phillips, 2013). In the case of the babies, being with their mothers promotes bonding
and attachment, while minimizing stress, pain, and anxiety levels, as well as encouraging
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infant neurodevelopment, maximizing nutrition, and weight gain. In addition, being with
their mothers increases stability in respiratory rate, blood pressure, heart rate, reflux
development, cognitive development, and promotes natural circadian rhythm development
(Brown et al., 2016; Medina et al., 2018; Pineda et al., 2018; Phillips, 2013). It also ensures
that both mother and child receive the proper after care they need to ensure no complication
gets overlooked (Gulla et al., 2017).
Newborn babies who have neonatal care needs spend an unpredictable duration
within the hospital. Postpartum mothers spend around 3-5 days admitted. The design for an
inclusive family room should function as a small apartment with the capabilities of a
hospital. The mother is a patient until she is discharged; then she is a visitor with the ability
to stay in the same room until the infant is discharged. This room should include different
zones to attend to the various needs of the family and staff.
A separate lounge room off the main room is suggested. This is an adaptation of the
room seen in Figure 7, at the Carroll Hospital of Maryland. This room would include a table
and chair set for dining or to be used as a desk, a small kitchenette, a television and soft
seating that can become a sleeping place. Having a sleeping space within the lounge provides
the support person (i.e., family or friend) the opportunity to sleep next to or away from the
mother-infant duo. It also provides a space for an additional family member to stay

overnight, such as a sibling. Having continuous space for mothers and family members to
sleep ensures that they do not have to leave the infants to do so. This lounge should allow for
activities to take place away from the infant. The mother and/or family members can be in
this room and have visibility of the infant. They can watch television, make phone calls, have
private meetings with staff, complete work, eat, and even sleep separate from the main room.
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The small kitchenette can be used for storage of formula, include a breastmilk refrigerator, as
well as a personal food refrigerator (White et al., 2013). A personal size washer and dryer
should be considered for laundering the infant’s cloth items to promote infection control
(White et al., 2013). Having the ability to launder items within the room keeps cross
contamination at a minimum, since they will not be removed from the room potentially
making contact with anyone or any surface outside the space.
This room can be utilized by siblings for daily activities while still being able to
interact and be a part of the family bonding post-birth. Patient storage can also remain within
this space to minimize objects from coming into the main room. Having this space isolated
will also keep sound levels low within the main room as not to disturb the mother or infant.
The main room should include the mother's bed space and incubator. It will also
accommodate soft seating for mother and guests and include accommodations for a support
person to sleep within it. An additional television should be visible from all vantage points.
Off the main room should also be a full private bathroom with a hand washing station, toilet
and shower. Private bathrooms are required within the FGI (2018) guidelines, but having
these facilities gives convenience to the mother with her body’s post-birth needs. The
bathroom will also be used by visitors, adding additional convenience factors (White et al.,
2013; Williams et al., 2018)

Seating throughout the room should be multipurpose and flexible. Soft seating used
within the lounge should be light and easily moveable. This way, seating can be transported
between the lounge and main room easily to accommodate the needs of visitors and patients.
Furniture used for sleeping should also be able to be used for general seating during nonsleeping hours.
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More advanced technology should be readily available. Incubator video monitors give
families the ability to see their children when not physically in the room. Having built-in
Bluetooth speakers can allow families to play music, recordings of their voice, or of other
family members. This helps calm and relax both the mother and baby, reducing parental
stress and anxiety, while having physiological and psychological effects on the infant.
Additional technology that should be implemented are digital staff display boards. These
portray the images and names of attending staff members and change as shifts do. This
signage helps to eliminate stress and increase comfortability regarding with care staff
(Robson et al., 2016). Electronic medical charting should be available to parents since with
the couplet-care model parents are providing the majority of the infant’s care. Parents can
chart feeding times and quantities, diaper changes, and weights of waste and they can convey
concerns with doctors. This chart can then be seen at anytime from anywhere by nurses or
doctors without having to disturb the family.
A variety of lighting options need to be available for all users. Staff must have
specific lighting to complete tasks and procedures. Families need to have lighting that fits
their everyday routines. Overhead lighting must be provided for daily activities. It should
also be dimmable, or adjustable, to coordinate with natural daylight. Task lighting should be
provided near all seating areas. A window should be included in every room and have blinds

that are completely controllable. This should include sunshades and roller shades to give
various levels of light control within the space.
A single inclusive room that attends to every need a family has post-birth, regardless
of the medical needs of the mother or infant will unite families in one of the most precious
times in their lives.
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Design Application
The design recommendations that have been given are to be considered for a
maternity ward room. This design may also be appropriate for a children’s hospital that has a
larger neonatal or pediatric intensive care unit. A combined maternity and neonatal care room
is not ideal for every intensive care scenario. It would be ideal for a family that plans to, and
can, continually stay with their children. It would also be beneficial for those families whose
infants shall be hospitalized for long durations of time. The design will create a more homelike setting. The purpose of the combined room is to remove obstacles that separate infants
and their mothers, especially in unexpected medical scenarios. The room is equipped to
handle more common intensive care medical needs so the child can stay with its mother after
birth.
Future Research
If the questionnaire was to be distributed again, there would be changes that could be
made to gather additional information and make questions more clear. It was asked who
could visit the infant. Upon receiving the results, it is believed that the wording for the
choices may have been confusing to participants. The choices for siblings should be changed
to be either “Siblings over 18” or, “Siblings ages 0-17 years.” Additionally, there should be
an extension to the questions “Were you able to stay overnight with your child within the

Neonatal Care Unit?” For those who answered “yes,” a prompted question should ask them if
they slept bedside, next to their infants. A question that asked mothers if it was expected or
unexpected for their children to be admitted to the NICU may have also brought upon
additional benefits for this study. With any further research, having information regarding the
infants’ gestational age along with medical care they received would be beneficial. An
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understanding of equipment that the child required would allow for analysis of how the
mother is able to interact and care for the child with its medical restrictions.
In addition, further research should be conducted with fathers of NICU babies and
NICU staff. A questionnaire should be developed that would explore the experience fathers
had, as they are sure to differ from those of the mother. A thorough literature review of what
NICU staff needs within their workspace should be conducted. Within this review, special
requirements for equipment and accessibility codes should be explored. Interviews with staff
should be conducted. It should include anyone who may interact with the space, such as
nurses, doctors, and housekeeping staff. The addition of these components will aid in
grasping an overall picture of what every person living or working within this space requires
of it.
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Appendix A:
Survey Consent Form
In order to participate, you must be a mother who gave birth to a child who needed neonatal
intensive care following birth. Participation in research is voluntary. Please ask any questions
you have about participation in this study.

This study aims to understand the built environment of the neonatal intensive care rooms that
you have stayed. Participation in this survey will involve answering a series of questions that
are multiple choice, multiple answer, yes or no, and fill in. The study should take you around
5 minutes to complete. Your responses will be completely anonymous, and we will not
collect any personal or identifying information from you. Your survey responses will be kept
for indefinitely and will be password protected at all times.

Participation in this research is voluntary. You do not have to participate, and if you decide to
participate, you can stop at any time.

We are interested in understanding your experience with hospital care provided to you
postpartum. We will collect data about your personal experiences in relation to the you and

your child.

Questions will be asked regarding a birth in which a Neonatal Intensive Care admission took
place. Respond to this survey regarding one child. If you have had more than one child (not
twins or triplets) at another time who had a neonatal admission, please return to this link and
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complete the same survey for that child and your experience. You may return as often as
necessary for other children. The survey answers are to pertain to one birth at a time.

There are no expected physical or psychological risks to participation. Some of the survey
questions are personal and may make you feel uncomfortable. You do not have to answer any
questions that make you uncomfortable or that you do not want to answer. If you are upset,
please inform the investigator immediately.

We plan to publish the results of this study. We will not publish any information that can
identify you.

Please be assured that your responses will be kept completely anonymous.

We plan to publish the results of this study. We will not publish any information that can
identify you. We will make every effort to keep your information confidential, however, we
cannot guarantee confidentiality. The principal investigator and the research team will have
access to the information you provide for research purposes only. Other groups may have
access to your research information for quality control or safety purposes. These groups
include the University Human Subjects Review Committee, the Office of Research
Development, the sponsor of the research, or federal and state agencies that oversee the
review of research, including the Office for Human Research Protections and the Food and
Drug Administration. The University Human Subjects Review Committee reviews research
for the safety and protection of people who participate in research studies.
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We will store your information to study in the future. Your information will be labeled with a
code. Your information will be stored in a password-protected or locked file and will be
stored indefinitely. We may share your information with other researchers without asking for
your permission, but the shared information will never contain information that could
identify you. We will send your de-identified information by email and only upon request.

Participation in this research study is your choice. You may refuse to participate at any time,
even after signing this form, without repercussion. You may choose to leave the study at any
time without repercussion. If you leave the study, the information you provided will be kept
confidential.

If you would like to contact the Principal Investigator in the study to discuss this research,
please e-mail Stephanie Legg, slegg@emich.edu or study advisor Deb de-Laski-Smith
ddelaski@emich.edu For questions about your rights as a research subject, you can contact
the Eastern Michigan University Office of Research Compliance at
human.subjects@emich.edu or by phone at 734-487-3090.

By continuing with the survey, you acknowledge that your participation in the study is

voluntary, you are at least 18 years of age. You have read this form. You have had an
opportunity to ask questions and am satisfied with the answers I received. I click “next”
below to indicate my consent to participate in this research study. You may choose to
terminate your participation in the study at any time and for any reason.
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Appendix B:
Qualtrics Survey
In what year did this birth occur?

‣ 1980 (1) ... 2019 (40)
Was this a vaginal delivery or cesarean delivery?

o Vaginal
o Cesarean
Was your child transferred to a different hospital after birth?

o Yes
o No
What was the length of stay YOU had in the hospital after giving birth?

o 2 Days or less
o 3-5 days
o 6-9 Days
o More than 10 Days
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What was the length of stay your CHILD had in the Neonatal Care Unit?

o 6 days or less
o 7-14 days
o 15-30 days
o More than 30 days
Did YOU have any postpartum complications requiring a longer hospital stay than 3 days?

o Yes
o No
How long after delivery were you FIRST able to hold your child?

o Immediately
o 30 minutes to 1 hour
o 1-4 hours
o 4-8 Hours
o 12-24 hours
o More than 24 hours
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What Level of Neonatal Care did your child receive?

o Unknown
o Level 2 - Critical or Special Care Nursery (Low)
o Level 3 Neonatal Intensive Care (Medium) Life sustaining and specialized Care
o Level 4 Regional Neonatal Intensive Care (High) : Major Surgical Capabilities, access to
all medical specialties

Was the Neonatal Care room an Open-Ward or Single-Patient room?

o Open-Ward
o Single-Patient
Which did you experience with your newborn within the neonatal care unit? Mark all that
apply.

▢

Breastfeeding

▢

Scheduled bottle feedings

▢

Skin to Skin contact

▢ Bringing personal items for baby
▢

Bathing Baby

▢

Hold/Cuddle Baby

▢

None of the above
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Who was allowed to visit the child within the Neonatal Care Unit? Mark all that apply.

▢

Both Parents

▢

Grandparents

▢

Siblings under 18 years old

▢

Siblings over 18 years old

Were you able to stay overnight with your child within the Neonatal Care Unit?

o Yes
o No
Were any of these sleeping options available to you? Mark all that apply.

▢

Sleeper Chair

▢

Sleeper Sofa

▢

Separate overnight room

▢

None of the above
Display This Question: If Were any of these sleeping options available to you? Mark
all that apply. = Sleeper Chair Or Were any of these sleeping options available to
you?
Mark all that apply. = Sleeper Sofa Or Were any of these sleeping options available to
you? Mark all that apply. = Separate overnight room
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Sleeping accommodations were available for how many people?

▢

1 adult

▢

2 adults

▢

More then 2 adults

Which privacy options were available to you? Mark all that apply.

▢

Door

▢

Moveable Wall

▢

Sliding Curtain

▢

Privacy Screen

▢ None of the above

Which comfort options that were available to you? Mark all that apply.

▢

Rocking Chair

▢

Reclining Chair

▢

Sofa

▢

Private Toilet Room

▢

Lockable Storage

▢

None of the above
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Would you have wanted to have any of these comfort options available to you? Mark all that
apply.

▢

Rocking Chair

▢

Reclining Chair

▢

Sofa

▢

Private Toilet Room

▢

Lockable Storage

Which technology options were available to you? Mark all that apply.

▢

Incubator Video Monitor

▢

Television

▢

Wi-Fi

▢

Speakers (Patient Controllable audio)

▢

Outlets

▢

USB Outlets

▢

None of the above
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Would you have wanted to have any of these technology options available to you? Mark all
that apply.

▢

Incubator Video Monitor

▢

Television

▢

Wi-Fi

▢

Speakers (Patient Controllable audio)

▢

Outlets

▢

USB Outlets

What lighting options were available within your space? Mark all that apply

▢

Window

▢

Parent Controllable overhead lighting

▢

Parent Controllable bedside lighting

▢

Parent operable blinds

▢

Table Lamps

▢

Color changing mood lighting

▢

None of the above
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Would you have wanted to have any of these lighting options available to you? Mark all that
apply.

▢

Window

▢

Parent Controllable overhead lighting

▢

Parent Controllable bedside lighting

▢

Parent operable blinds

▢

Table Lamps

▢

Color changing mood lighting

Was food allowed inside the neonatal care room?

o Yes
o No
Display This Question:If Was food allowed inside the neonatal care room? = Yes

Was a table and chair available for eating a meal?

oYes
oNo
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Did the room have a desk or work space available for parents?

▢

Yes

▢

No
Display This Question: If Did the room have a desk or work space available for
parents? = No

Would you have used a desk or workspace if it was available?

oYes
oNo
Did you have access to natural daylight?

o Yes
o No
Display This Question: If Did you have access to natural daylight? = No
Would you want natural daylight in your neonatal care room?

o Yes
o No
Did the neonatal care room have visual access to nature?

o Yes
o No
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Display This Question: If Did the neonatal care room have visual access to nature?
=No
Would you have wanted to have visual access to nature?

o Yes
o No
Display This Question: If Did the neonatal care room have visual access to nature?
=Yes
What was the view from your room's window? Mark all that apply.

▢

Tree’s

▢

Gardens

▢ Water (Lake, pond, river)
▢

Water Feature (Fountain or rain wall)

▢

City Skyline

▢

Courtyard

▢

None of the above
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Which additional design elements were in your space? Mark all that apply.

▢

Wall Art

▢

Plants

▢

Drapery/ Decorative Window Treatments

▢

None of the above

Rate the noise level within your Neonatal care room.

o High noise level
o Moderate Noise Level
o Low Noise Level
oUnknown
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